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'focklai Is v(‘ry closely associaU'd with the U'a inxhisiry. 
'riie changes in tlie iruluslry arc naturally rcUc'cted in 
Tocklai. Diirin.t^ the recent past marked chancres have 
taken place in T.R.A. nu'mhership aixd consetpientlv'^ 
in I'ocklai. 

TRA Membership 

'The membership streno^lh ol 'Tea Researclt Association 
has increased by 31 estate's in tlu' last one year alone, 
to 771 in 1977-73, as a.yainst onl\ 53") in 1972-73. '[’he 

yield of the member es(at(^s averaged IblOkg/ha made 
tea which is 135",, of 1211 kg/ha harvc'sted by the non- 
member estates. riie widening dillerenee* in the tea 
yield of member and the non-membe-r e'states has conti- 
nued to grow. rhe* production of North Rast Inelian 
tea reached the* highest e\'e i' level of 417 million kg in 
1977 as compared to only 3(i(S nullion kg in 1972-73. 
'Rhe* sharp rise in both the yie-ld and the* production 
f)l made* tea in the* North liast Indian te-a industry in 
general, and ol the mendjer estates in particular, is a 
proof ol the keen int('rest evinced by the planters in 
utilising 'Rocklai’s know how and Advisory service's. 

Tocklai 

So that the inelustry may get the* ree|uisite R & D 
support from T.R.A. for meeting its objective's of 1400 
million kg production e)f good epiality te-a by 2000 Al), 
the IRA Ciouncil ol Management recently dcciele*d to 
increase its linancial support to 'Roeklai and its Sub- 
Stations by investing ewer the next 5 ye*ars a sum of Rs. 
70 lakhs annually for ne)n recurring expenditure on 
cejuipment and infrastructure*. 4'he $ 100,000 UNR)P 
financed proje^ct on drainage is in full swing. A plan 
proposal for aid from Overseas Development Ministry, 
U.K. has been submit te-el for strengthening research at 
'Rocklai through twinning arrangements with eenmter- 
part research institutions in the U.K. 1 here is a likeli- 
hood of the proposal being accepteel and of extra funds 
flowing to Tocklai for dev(4opment of its revsearch 
infrastructure*. 

In an organizational shake up e f the Ceamcil of Scien- 
tilic and Industrial Research which saw all Re'search 
Associations detached from the CSIR familv, Tt*a Re- 
search Association was the only Resetreh Association 
which continued to be with the CSIR. This helped 
Tocklai to forge denser linkages with the other CSIR 
laboratories, thus enlarging its infrastructural base for 
undertaking intensive research in new areas. 

Plans ol conv(‘rting three Advisory Centres viz. Nagra- 
kata, Silcoorie, Thakurbari into Sub Stations, has been 
finalised and approved by the Council for implement- 
ation. This is a major step towards carrying research 


Uirrrtar s 

{1st April 1977 to 31st March 1978) 

to diflerent agroclimatic ('ondilions and providing e\j)ert 
advice to the planters within easy reach. 

On 31st March 1978 Rocklai had 34 s])ccialists and 
139 researcli assistants and research fellows as against 
only 22 specialists and lOfi research assistants in 1972-73. 
But the number of scientific personnel alone is not indi- 
cative of quality which has undergom* a n*markable 
change. As against 29 post-graduates and doctorates 
on its roll in 1972, Rocklai liad 59 p('st-graduates and 
doctorates on 31st March 1978 amongst its scicntTic 
cadres. 

Programme of work 

I'or tlu! first time in 4’ocklai, perspective i)larining 
was systematised in macro as well as micro scales for 
implementing long and short term research proj(*cls. 
Rhe obj('ctives of the Station were redefined and set 
forth foi* drawing up the programme of work to meet 
tin* needs of the industry. These objectives arc : 

(a) to increase the yield of young and old tea bushes, 

(b) to improve the (piality of the finished product, 

(c) to inod(*rnise manufacture of tea and to make it 
a continuous process, and 

(d) to disseminate the results of research amongst 
the t(‘a growers through a network of extension services, 
publications, lecture courses, seminars and symposia. 

Accordingly tin! five year programme of research and 
other activities of Toc klai and its Sub-Stations for the 
f)er’od 197(8-83 has been drawn u{) and is ready to be 
placed before the Council of Management for determi- 
ning the priorities. 

Rhe research work carried out at the Station during 
the jnevious five year period (1973-78') was evaluated. 
Ih'ogrammc evaluation and review of research with 
PR^RT charts have been started. Systematic evaluation 
of progress will now be* und(*r taken soon. 

Interaction with the Planning Division of C.S.I.R. 
has been systematised in respect of providing information 
regarding technologies and processes developed at Tock- 
lai, details of current projects, inter-institutional link- 
ages with the ChS.I.R. and other institutes etc. 

Personnel 

We have assiduously built up the quality of our scien- 
tific personnel. The number of post graduates has 
tripled over the last 5 years amongst the scientific assis- 
tants. During the year 1977-1978, six officers, one each 
in soil drainage, plant physiology, planning and three 
in Advisory and 25 research assistants joined Tocklai. 
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lo improve the training ol scientilie personnel, I'ock- 
lai held a workshop on research and development where 
a strong faculty was invited from industry, Cl.S.l.R., 
Stafl' College of India and Institute of Management, 
apart from leading tea Scientists. I'ocklai has also 
continued the programme of study leave where res.^arch 
assistants were sent to qualify for post-graduate i.e. Mas- 
ter’s and Doctoral, degrees. 

Research Infrastructure 

During the year 1977-78 Planning Cell and Irrig ilion 
Unit have been added. A gas liquid chrom nograph, 
a spectrophotometer, a drip-irrigation syst( m and sub- 
soil drainage equipment and a growth cal>inet are m ijor 
new items added to the existing research facilities. Ato- 
mic absorption spectrophotometer, U.V. spectrophoto- 
meter, automatic titration outfit, compactor, high speed 
centrifuge are other major ecpiipment which were' 
purchased early in 1977 and were installed early in this 
financial year. 

To streamline the construction of laboratory buildings 
and residential houses at d^ocklai and its Sub-Stations, 
future needs have been visualised and a prelimirary 
master plan has been prepared. In accordance' with the 
master plan, construction of residences has been started 
during the year. Laboratories will .soon follow. 

Technology transfer 

Tocklai held its largest ever biennial conference (28th) 
during November 1977 where some 176 delegates attend- 
ed and 24 resc^arch pa[)ers were prcsentc'd on recent 
research findings by Tocklai’s scientists to the users of 
research. These researches were discussed thoroughly 
with the planters and the scientists over three days of 
deliberations. 


Adviscuy services have been considerably strengthe- 
ned with the Joining of three new Advisory/Asst. Advisory 
Ofliceis. 

A large number of encpiiries have been received for 
growing tea in noii-conventional areas viz. Arunachal, 
Nagaland, Meghalaya, Manipur, Mi/oram. 

rraiaing ol fu'ld personnel is a major plank of the 
transfer of technology in a highly organised and sophis- 
ticated industry like tea. One-year locklai course 
for junior tea estate executives has been reintroduced 
this F('bruary. 4 wo sliort t('rm relrt'sher courses in 
Agricultural l{.cr)nomics were introduced lor the first 
time. Again lor the lirst time, at these courses senior 
planters and exiautives shared their experience with 
the cours<'s by delixering h'ctures and by serving on its 
faculty discussion panels. Onc'-day Orientation courses 
in the methods of work study wi'rc also undertaken to 
initiate motion and lime studies in 8 gardens for the 
first time. Thesi* courses were in addition to the two 
field inanagenH'ni comses reiniioduced last year, the 
usual three drainage' courses continuing for a decade 
and two V. P. tra.hung courses. As many as 250 
trainees from various cadres of the industry partici- 
pat('d in a total of 1 8 in-jol)/relresher trainings and 
courses at locklai. 

Research results 

Reports of individual departments follow. In thes(‘. 
are given highlights and di'tails of research findings 
which the readers will find to be most interesting. New 
areas of work havt' been investigated, old results revie- 
wi'd and new horizons cited. \Vi' hope to continue 
this trend in the yi'ars to come. 
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ORGANISATION 

On the 31sl March 1978, the Senior SlalF consisted 
of : — 


Botany : 

Head 

Dr. H. P. Bezbaruah, M.Sc., Ph.D. (Gauhati) 


Director 

Dr. N. K. Jain, M.Sc. Ag. (B.H.U.), Ph.D. 

(Illinois) 

Adviser 

Dr. D. N. Barua, B.Sc. (Calcutta), Ph.D. 

(Cantab) 


Plant Physiologist 

Dr. P. N. Rustagi, M.Sc., Ph.D. (Delhi) 

Assistant Plant Physiologists 

Mr. B. N. Gogoi, B.Sc. (Gauhati) 

Dr. L. Manivel, M.Sc.Ag. (Madras), Ph.D, 

(California) 


Assistant Planning Ofheer 

Mr. S. Acharya, B.Sc. (Agril Engg. & rech.), 
M.l’ech (Ind. Mgt) (II'l’ Kharagpur) 

Administration : 

Administrative OITicer 

Gr. Capt. (R(*td.) K. R. Gopalan 

Assistant Administrative Olliccr 

Mr. B. S. Kotoky, B.A., LL.B. (Dibrugarh) 

Accounts : 

Accounts Ofliccr 

Mr. S. Mazumdar, B. Com., (Calcutta), A.C. A. 

Maifitenauce : 

Station Engineer 

Mr. G. B. Singh, A.M.i.S.E. 

Medical : 

Medical (Allicer 

Dr. (Major) S. VV. Rohman, M.B.B.S. 


Agronomy : 

Head 

Dr. E. Rahman, M.Sc.Ag. (Bihar), Ph.D. 

(T.A.R.I.) 

Second Agronomist (Weed Control') 

Dr. V. S. Rao, M.Sc.Ag. (Osmania), Ph.D. 

(Cornell) 

Estate Manager 

Mr. A. K. Sahney, B.A. (Delhi) 

Entomology : 

Head 

Dr. B. Banerjee, M.Sc. (Calcutta), M.S. (S. 
Illinois), Ph.D. (London), F.A.Z., F.R.E.S. 

(London) 

IVVi/ Bengal : 

.Assistant Entomologist 

Mr. N. S. Sengupta, B.Sc.Ag. (Dacca) 


Library & Publicalion : 

Librarian and Assistant Publicatam and Infor- 
mation (9fiicer 

Mr. J. N. Sharma, M.A. (Gauhati) 


.\fycology : 

Head 

Dr. G. Salyaiiarayana, B.Sc. (Hons.) (Andhra) 
Ph.D. (Madras), F.B.S., F.I.P.S. 


Soils & Aleteorologv : 

Tocklai : 

Head 

Mr. S. K. Dey, B.Sc. (Calcutta), Assoc, I.A.R.L 
Second Soil Scientist 

Dr. B. Singh, B. 'Tech (Pant Nagar), M.Tech 
(f.A.R.L), Ph.D. (London) 

Assistant Soil Scientist 

Mr. N. G. Bhattacharjee, B.Sc. (Cakjutta) 


C.S.I.R. Pool Ofliccr 

Dr. M. N. Venkataramanan, M.Sc., Ph.D. 

(Madras) 

Biochemistry : 

Assistant Biocliemist (Oflicer-in-charge) 

Dr. M. R. Ullah, M.Sc., Ph.D. (Gauhati) 

Tea Tasting : 

West Bengal : 
lea Faster 

Mr. R. P. Basil 


West Bengal : 

Assistant Soil Scientist 

Mr. A. K. Sengupta, B.Sc. (Hons.) (Calcutta) 


Tocklai : 

Second 'Fea Taster 

Mr A. K. Das, B.A. (Gauhati) 
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Engineering Research & Development : 

Head. 

Mr. 'l\ C. Baruali, B.Sc. (Hons.) (Gauhali), 
B.Sc. Mech. Eng. (B.H.U.), M.Sc. Mech. 

Eng. (Manchester) 

Statistics : 

Head 

Mr. A. K. Biswas, M.Sc. (Gauhati) 

Agricultural Economics: 

Agricultural Economist 

Dr. R. C. Awasthi, M.Gom., LL.B., Ph.D. 

(Agra) 

Cost Adviser 

Mr. N. S. Venkatakrishnan, M.A., EL.B. 

FICWA 

Advisory : 

Head 

Dr. P. C. Sharma, M.Sc. (B.H.U.), Ph.D. 

(London), l'\L.S. 

Advisory Officer 

Dr. r. K. Ghosh, B.Sc. ( Patna), Assoc. I.A.R.I., 

Pli.D. (C!orn<‘ll) 

Upper Assam : 

Advisory Ofiiccr 

Mr. J. Chakravai tee, M.Sc.Ag. (Gauhali) 

Lower Assam ; 

.Advisory ()(fic('rs 

Mr. B. Borlhakur, \l.Sc..Ag. iGauhaii; 

Dr. D. N. C:hakra\arty, B.Sc.Ag. iB.lI.U.), 

Bh.D. (Moscow) 

Assistant .\dvis(jry OHitcas 

Mr. R. Dasgupla, M.Sc..\g. (Bihai) 

Dr. S. Basu, M.Sc.Ag., Ph.D. (Calcutta) 

Tripura : 

Assistant Advisory Officer 
Mr. S. Ch Dey 

North Bank : 

Advisory Officer 

Mr. S. Basu, B.Sc.Ag. (Huns,) (Hclhij, Assoc. 

I.A.R.I. 

Cachar : 

Advisory Officer 

Mr. S. K. Sarkar, B.Sc. (Calcutta), B.Sc. Ag. 

(B.H.U.) 


West Bengal : 

Advisory Officer 

Mr. H. Mitra, B.Sc. (Calcutta) 

Dooars I'erai .* 

Advisory Officers 

Mr. B. C. Barbora, B.Sc.Ag. (Cjauhati), M.Sc. 

Ag. (I.A.R.I.) 

Mr. B.C. Bhukan,B.Sc. Ag, (Gauhati), A.I.F.C. 

Darjeeling : 

Advisory Ofiiccr 

Mr. R. Padmanaban, B.Sc.Ag. (Madras) 
SI:NI()R S I'AFl* MA I CERS 

Appointment 

Dr. 1*. N. Rustagi joiiu'd as Plant Physiologist 
on 11.7.77. 

Mr. S. Acharya joined as Assistant Planning 
COfiiccr on 26.10.77. 

Dr. B. Singh joined as Second Soil Scientist on 
27.10.77. 

Dr. D. N. Chakravarty joined as Advisory 
Ofiiccr on 14.12.77. 

Mr. R. Dasgupta joined as Assistant Advisory 
Ofiiccr on 2.1.78. 

Dr. S. Basu Joiricd as Assistant Advisory Officer 
on 27.2.78. 

Transfer 

Mr. S. ( !. Dey, .\ssi.^tant Advisory Ofiiccr has l)ccn 
transferred to Agarlala Advisory (lenlre as Assistant 
.\d\isory Ofiiccr rrii)nra on 28.2.78. 

Mr-. S. Scngujjla, .\ssistanl laitomologist has been 
transferred to Dooars /\dvisor\ Branch on 1.7.77. 

Retirement 

Dr. B. ( !. Sh.'i ina, Staiita' Advisory Ofiiccr retired 
from 1. 1 .A. service on 31st Marcli 78 and joined d’.R.A. 
as Deputy Directcr. 

Resignation 

Md. M. Faiook Assistant Advisory Ofiiccr resigned 
li'om Associaliorrs service on 19.8.77 

'I'RAIMNG & ( OURSFS 

One Year Training Course 

from February ’78 — 8 trainees are attending. 

Vegetative Propagation Training course 

1st course from 1.4.77 to 30.6.77 —5 trainees attended. 
2nd course from 1 9.77 to 30.11.77- 8 trainees 
attended. 
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Short Term Course 

from mid Scpteml)cr ’77 lo mid January ’78 - 4 trai- 
nees attended. 


Surveying & Drainage Course 

1st course from 2.1.78 to 6.1.78 -27 persons atuuided. 
2nd course from 9.1.78 to 13. 1.78 --28 persons 
attended. 

3rd course Ifoni 30.1.78 to 3.2.78—31 persons 

attended. 


Field Management Course 

1st course from 21.9.77 to 23.9.77 — 24 |)crsons 
attended. 

2nd course from 26.9.77 to 28.9.77 — 28 persons 
attended. 


Orientation course on Motion Sc Time study 

1st course on 2.5.77 -12 persons attended. 

2nd course on 19.5.77—6 persons attended. 

Tea Economics Course 

1st course from 29.6.77 lo 30.6.77— 30 persons 
attended. 

2nd course from 29.7.77 to 30.7.77 — 31 persons 
attended. 

TOCKT.AI BIENNIAL ( ;(ANI ERENCE 


'rwenty-eight d’ocklai Biennial (’onference was held 
from 24th Novemljer to 26th Novemhc'r, 1977 and 176 
dcl(!gat('s attended the Conl’ereiKM'. 

WORKSHOP ON R N I) MANAGIAIEN'f 

A worksho]) on R & D Management was eondueted 
from 12th to 17ih Se[)teinl)er 1077 foi all 4 .R.A. Olli- 
cers. 'Ehirty-six Ollicers attended. 'Phis Workshoj) 
was organised in collaboration with Management Deve- 
lopment Unit (Planning Division), (I.S.I.R., New Delhi 
and had invited faeult\ members iVom amongst the 
Captains of the tea industry. Stall College ol India and 
Institut(‘ of Management, .New Delhi. 

VISITS 

'Fhe Director visited Calcutta to attend the meetings 
of Scientific Advisory Committee on 18. 1.77 & 24.10.77; 
TRA Executive ('ommittce meetings on 16.5.77, 12. 

12.77 & 23.3.78; 4’RA Annual Cein'ral meeting on 
28.12.77; Council of Management meeting on 29.12.77; 
Instant Tea Project meeting & Budget discussions from 

8.9.77 to 1 1.9.77; Tea Board's Hill Development Com- 
mittee meeting, Research Liaison Committee meeting 
and meeting of the Economic Advisory Coiumittec I’rom 

26.9.77 to 1 10.77; Agricultural Sub-committe(' meeting 
& Engineering Sub-committee meeting on 30.12.77; 
Instant Tea Steering Committee meeting & Research 


Liaison Committee meeting on 28.3.78; Scientific (Com- 
mittee meeting of Indian Plywood Industries Research 
Institute and their Board of Governors meet on 16.6.77 
to 17.6.77 and New Delhi to attend the CfS.I.R. Direc- 
tor’s Conlercnce on 20.5.77; C.S.LR. Governing Body 
mc(!iing on 20.9.77; (C.S.LR. Society meeting on 
23.11.77; (Co-ordination (Council meeting of Biological 
Group of Laboratories of (’.S.LR. on 3. 9.77; ISI 
Pest Control Equipment (Committee meeting on 27.4.77 
Co-ordination (Council (Chairmen’s meet on 13.2.78 and 
Shanti Swaroop Bhatnagar Award Committee meeting 
on 31.1.78. He also visited Darjeeling to attend the 
'Lea Board Meeting for equipment on 17.5.77 and Luck- 
now for the meeting of Co-ordination Council of Bio- 
logical Group of Laboratories of C.S.LR. on 11.2.78 
to 12.2.78. 

Dr. R. C. Awasthi visited lARl D(4hi anti (4.B. Pant 
University on 30lh December '77 and 5th January '78. 
He also attended the symposium on Plantations Crops 
held at Rubber Research Institute Kottayam, Kerala 
from 20th to 24th March ’78. 

Mr R. P. Basil attended three meetings on ASCC 
Specification of 4’ea for defcnc(‘ services organised by 
Govt, of India Ministry of Agriculture ,1;;: Irrigation 

I'ood at (Calcutta. 

Mr. 4’. (C. Baruah visited Port Enginciniug Works, 
Howrah and (Calcutta. He also visited Delhi and 
Boml)ay to atttmd IS! (Committee me.elings. 

Dr. B. Banerjee visited Mysore, Lucknow anil Delhi 
in connection with the meiuiug of the (Co-ordination 
(Council ol Biological Gr<>u]:) ol I.aboratorics (C.S.l.R. 
during 1977 78. 

Dr. L. Manivel visited BAR(C, Bombay; UPASI, 
(Cinchona tS: SPKC, Tuticoriu in ramilnadii. 

Mr. R. Padmanaban attended .Ml India Weed 
Science (Conference at (Coimbatore on 3rd tS:. 4th 
I'chruary, 1978. 

Dr. F. Rahman visitixl Kottayam, Keiala to attend 
svmposium on Plantation (Croj)s ; Bangalore to visit 
Indian Institute of Horticultund Ri'search and Univer- 
sity of Agricultural Scieni cs. 


Dr. \( S. Rao visited the American Springs & Pressing 
Works Ltd., held at Bombay from 1 9th to 27th Decem- 
ber, 1977. 1 Ic also attended the All India \V(‘ed Science 
( Conference organised by the Indian Society of Weed 
Science at Tamilnadu Agricultural Univiasity 
Coimbatore on 3rd to 4th February, 1978. 
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Dr. G. Satyaiuu ayaiia atUMidcd lIk' 1J>Ui Ammai 
nit^eting of Association of tfu* nilrroblolo»ists ol India 
at Madurai. 

Dr. B. Singh visited Indi.ui lnsniiil<‘ of I et hnology. 
Kharagpur in januarv. I‘)78 

Dr. iVI. R. Ullah visiu ti I SI meeting \l‘D(i in 
UPASJ, Cincona Irom 28rd n> iolli l'’el)rnary, l‘)7o. 

vrsri oRs 

'riic I’ollovving scientists, distinguislietl persons visi((!d 
Tocklai during the year under ievi(‘w: 

Scientists .' 

Mr. Astika VVenten, Plan’ Breeder. I’l a Research 
Institute, Bandung, Indonesia. 

Mrs. (Dr.) B. K. Glasgow. l''orin<a' Ih’ol. ol Botany, 
Cornell University. U.S.A 

Mr. Chris Parker, TropLcal \V<'{‘(l Spitei.disi, Weed 
Research Organisation, Oxford. V K 

Dr. C. S. Venkat K<nn. Direeioi'. l ea Kest'areh .Sta- 
tion, UPASI, Cinchona. Tainil .M.tdn. 

Dr. D. J. Mira, PIRA SmneN, Kngh.nd 

Mr. D. W. R. Ifeadford. Sr Research OllKer, ICI 
Ltd., U. K. 

Mr. I). N. Barbor.i. I e( hnieai .Manager. I ea-Ma 
Consortium India Ltd. (lahutta. 

Dr. Earnest Hainsworlh, l''(M iiH‘r Direeun . I K I East 

Africa. 

Mr. Gireesh Siugli.d. Keejonal Rt seareli L.ihoraioiy, 
Jorhat. 

Dr. G. N. Rao, Deputy Diita tor, I’ea Research Sta- 
tion, UPASI, Cinchona, I’ainil Nadn. 

Dr. G. 'I'hyagara jail. Director. Regional Rese.uih 
Laboratory, Jorhat. 

Mr. Uari Narain. Diret ioi . Naiioual ( ic(»j)hvsi< .d 
Research Laboratoiy. I Jy derali.ul, \.\\ 

Dr. M. G. Hampton, Eiigineermg ( Imisull.ini, I '.K. 

Dr. H. R. Cama, I lead, Bif)logi( ,il Seieiu t s. Indi.in 
Institute of Science, Bangalore 

Mr. H. Hayakama, .Agionoinisi . Japan. 

Mr. Harald Klauda, Hamburg. 

Mr. H. Fergiisan, fata I’inlay Ltd., (lalemia. 

Mr. I J. Panja, Panzania 'Tea Authority, East Alfic.u 

Mr. K. G. Mehta. H P. Agricultural I’nivwrsity, 
Palampur. 

Mr. K. K. Mitra, lea Board, Cialcutta. 

Dr. M. |. CJrcen, ffonner Botanist at Toeklai and 
I Rl) Edinburg, 


Dr. i\. M. Abdul Gatlat', rechnologist, Tea Research 
Institute, Sri Lanka. 

.Mr. P. C. 1 1. Ria ce, Chairman, ICI, London. 

Dr. P. ( !. Bf)ia, l ea Hnsbandry & reelmology, Assam 
.\gri( iiltural Lnlversity , Jorhat. 

Dr. lb S. Majiimdar, Vice-Chancellor, Assam Agri- 
( nliiiral I ni\ ersity, Jorhat. 

Dr. P. Sivapalan, Head, Entomology & Neinalology, 
I e;i Rcstmia h histilutc, Sri Lanka. 

Dr. R. Ramanna, Bhablia Atomic Research Centre, 
I’rombay . 

Mr. Ravi Ranjan, Regional Research Laboratory, 
Jorhat. 

Mr. R. ( :. Heldoneth, Rohm & Hass Pacilic Region 
in Philippin(‘s. 
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Dr. R. r. Ellis, Director, Lea Ri’search Loundation 
ofCIimtral .Mi'iea, Malawi, 

Mr. Saio! u I lirano, Japan. 
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Mr. r. Sailo, Jai'ari. 

Mrs. .Vi Saito, |a]).»n. 

M iss II. .ShimaLukurm Japati. 
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Vlr. A. r. VV Wright, Republic du Buiuudi. 

Miss .Nina Wa.son. Tea Board, Calcutta. 
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1 here was a suhstanlial imrease in ihe membership during 
1977-7 H and the Advisory OJfirers had to pay more than 
extra visits to help the member estates in solving their problem. 

Uoik phosphate is gradually substituting superphosphate 
in mature tea. Potash along with nitrogen is beeoming regular 
practice in most estates. 

I he enthusiasm of very ctose planting is graduallr fading. 
Most estates are nou' planting about iG.OOO bushes per hectare, 
while the upper limit in some cases has been 20.000 per hectare. 

Attack oj looper ivas severe in the Dooars and South Bank. 
1 hrips. scarlet and purple mites and scale insects caused consi- 
derable damage in Darjeeling. 

'Ihe incidence of blister blight was severe in Darjeeling and 
it ivas reported this year for the first time from a number of es- 
tates in the Dooars. More estates showed interest in soil fumi- 
gation in controlling the primary root diseases. Asco-Idchen 

(Anthraconthcciurn mcniparen.sis), a partial parasite was 
found for the first time in Darjeeling. 


General 

Dr. D. N. C'hakraharty was appointed as Advisory 
Offic('r, Mr. R. DastJupta and Dr. S. Basn were appoin- 


ted as i\ssistant :\dvisory ( )irK'(‘rs and lh(‘y were under 
training. 

I’he following gentlenien were appointed as Field/ 
Researeh Assistants during tlu' year- and afli-r completion 
ol their li'aiuing posted in diili rent snb-stati()ns as hk'h- 


tioned against their names 
Ajit Kumar Phukan 
Hhaskar lla/arika 
Ashok Kumar Bordoloi 
Bndliindra Deka 
Pimya Bhaiali 
Di|)ok (diandia Baruali 
Fakshya Kumar Sarnia 
'J'apash Kr. Bhattaeliar jer* 
Ashit Baran Saha 
Ashok Kumai' Sar kar 
Subir Dutta 


: South Bank ( I’oeklai). 
: IJpjx-r Assam. 

: Upper- Assam. 

: \oi' h Bank. 

: North Bank. 

: .North Bank. 

: Nortli Bank. 

: ( laehar. 

: West Bengal. 

: West Bengal. 

: W('st Bengal. 


Mr. R. B. Singh, Steno-'l’ypist was transferred from 
Tocklai ant^postr'd at Darjeeling vice Sri K. P. Uhakra- 
vorly also has lierm transferr ed to .\ceoimts Department. 
Mr. M. .N. Baruali was tt'ansferrr^d to Advisory Depart- 
rnen Irom Botany Dej^artinent in place of Mr. Singh. 


Mr. M. luirook. Assistant Advisory (.)nicer, resigned 
in August 1977. 


Table 2.01. Ddaits of Adi ismy vhits fniid i 


1 )islricl 

No. , 

)!' visits paid 


1979-77 

1977.7H 

South Hank 

479 

.49.4 

North Bank 

224 

184 

(laehar (inchKhnt»: frijnira) 

1,44 

h)2 

Dooars 

29<) 

39.4 

9’crai 

t)9 

Pia 

Darjrclin^ (inrluding Sikkim) 

1 12 

1 4 1 

Total : 

1 44t) 

1()41 


the me in her estates during 1971 >-77 & 


No. of IlK. 

'inlx-r estates visihxl 

Total iuintl)er of inr 

■mher ('stales 


dui ine; 

durint* 


197<)- 

77 1977-78 

197ti-77 

1977-78 

2!)7 

404 

412 

4,44 

87 

77 

91 

94 

71 

79 

74 

88 

lot) 

109 

119 

124 

24 

4(> 

44 

49 

92 

(')8 

99 

7.4 

948 

t)7 1 

()97 

771 


d he number of advisory visits paid to tea estates in 
North Bank was less during the period because of tlu* 
resignation of Assistant advisory oflicer. 

Tn addition to routine advisory visits, 164 visits were 
jraid to experiments in different parts of North-East 
India. 

Area Scientific Committee Meeting 

The number of meetings lielil in the various districts 
is given below ; 


South Bank East : 4 

South Bank Central : 3 

South Bank West : 3 

North Bank East 4 

North Bank West : 4 

Cachar : 4 

Dooars : 5 


Terai : 4 

Darjeeling ; 3 

JASC meeting of all the 
ar(‘a : South Bank West : 1 

With the area scientific committee meetings, open 

sessions in the form of seminar werr* also held for the 
planter's of the area to discuss the lo.al pi’olilems and 
these were well attended, ddiese meruings and open 
sessions jiroved to be ver y useful foi‘ exchanging thougfits 
and ideas betwexm the planters and the I’oeklai Scientists, 

Joint Area Scientific Committee Meeting held at 
Tocklai 4th 6th April, 1978 

The main. to|)ics of discussion in the joint meeting 
were achievements in respect of increasing yield in 
estates located in low rainfall areas, progress made in 
respect of establishment of young teas, latest thinking 
and ideas developed in manufacture of tea, problems 
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and their solutions of planting teas in marginal land, 
solution of drainage problems, advantage and disad- 
vantage of intensive planting and failure and success 
with clones. After demonstration in the field the dele- 
gates and other planters assembled in an open session 
and discussed the subjects. 

Participants of the joint meeting included senior plan- 
ters of the North and South India, 'lea Research Asso- 
ciation and United Planters’ Association of South 
India (UPASl), Scientists and Tei hnologists, delegates 
of various agency houses and tea companies in Ualcutta 
and Gauhati, representative of Re.serve Bank and Agri- 
cultural Refinance C’orporation, manufacturers of difl'e- 
rent Agro-chemicals, 'Pea Brokers and the local planters. 

Seminars 

I'hc details of the seminars held during 1977-78 are 
giv(‘n. 


Table 2.02. Summary oj seminar in different area 


Area 

Data 

Subjects 

South Hank Last 

If) Apr 
(> jun 

30 Mar 

1977 Agricultural (:hcini<als 

1977 Engineering & Manulactiire 
1970 R«‘plan(ing & Planting ol tea. 

South Bank Ontral 

12 |ul 

12 Au^ 

9 1)<< 

1977 Plant Protection 

1777 Engineering & Manufacture 
1977 Soils, Agricult\ire & Botany 

South Rank West 

la lul 

22 Auk 

1977 Soils, Agriculture & Botanv 
1977 Weed Control 

North Bank Fast 

24 May 
29 Aug 
(i Dec 

1977 Plant Protection 

1977 Engineering & Manufacture 
1977 Soils, Agriculture &. Botany 

North Bank West 

25 May 
30 Aug 

7 Dec 

1977 Plant Protection 

1977 Engineering & Manufacture 
1977 .Soils, Agriculture & Botany 

Cachar 

11 Jun 

1977 Plant Protection & 

Weed Control 

Do<iars 

5'(i May 

1977 Special .Seniinar on Pe.st 

(iontrol for Duncan Brothers 


10 Mav 
25 Jul 

1977 Weed Control and Plucking 
1977 Plant Protection 

Tfrai 

12 May 
27 Jul 

27 Sep 

1977 Weed Control and Plucking 
1977 Plant Protection 

1977 Engineering and Manufacture 

Darjeeling 

13 May 
29 Jul 

1977 Weed Control 

1977 Plant Protection 


The consensus of the forum was that expeditious steps 
are called for to increase the productivity of teas. In 
order to achieve this object the assembly was of the 
opinion that due care and attention be given not only 
to young teas but also to old teas which still form about 
80% of our tea areas. 

Lecture Courses 

The following courses were organized at Tocklai 
Field Management : 2 Ckiurses 

(each of 8 days duration) 
Surveying & Drainage : 3 Courses 

(each of 5 days duration) 

Operational Research 

A number of tea sections in estates under different 
agroclimatic conditions were selected to identify the 
limiting factors in yield. Once these factors were identi- 
fied, current 'Tocklai recommendations were imple- 
mented to the extent required to increase pnxluctivity. 
The progress was monitored l)y the Advisory Officers, 

Advisory Branch Plots 

Plots on Advisory branches are maintained for distri- 
bution of cuttings of Tocklai released clones and for 
conducting some trials on Tocklai recommended agri- 
cultural practices. In this context, the following has 
been the progress : 

(a) Distribution of Guttings 

'The details of distribution of cuttings, generative 
clones and seeds from various outstatioas to member 
estates are given in table 2.03. 

Green leaf* harvested from plots in different Advisory 
Branches are stated below: 

North Bank 4,654 kg 

Gachar : 6,629 kg 

Nagrakata : 37,855 kg 

(b) Experiments 

The following trials were in progress at Nagrakata 
Branch plot. 


Table 2.03. Distribution of cutting's, scions, generative clones and seeds from out-stations 


Out-Stations 

VP cuttings 

Scions 

(ienerative 

cuttings 

(Generative 

Scions 

Seed in 
kg 

plants 

South Bank 

6,83,105 

3,556 

10,100 

840 

675 kg 



North Bank 

1,44,260 

2,135 









Gachar 

2,19,620 




, - 



— 

Dooars & T’erai 

6,22,184 

2,044 

31,625 

2,500 

— 


Total : 

16,69,169 

8,53t» 

41,725 

3,340 

675 
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Tocklai Experimental Station 


(i) Long term agricultural trials with clilTcrent 
clones. 

(ii) New long term trial different clones. 

(iii) Nitrogen response to different clones. 

(iv) Biclonal stor k trial with various 'I'ocklai stocks. 

In the North Bank at Naingami a trial on spacing 
in a fan shaped design was laid out during autumn of 
1977. 

'I’wf» clom's were ollcicd loi‘ testing in Nagrakata. 
riicsc clones wert' j)lantc(l during the autmnn ol' 1977. 

(c) Clonal Proving Station ( Darjeeling] 

fwo clones, 9778 and f 185, wert' cerlilit'd lor l)ar- 
p'f'iing wliicii hroiiLilu the (f)lal ttinnlx'r ol clont's cerli- 
/ied for D.iijcrlini^ (o niiir {Rc: Annual Report 
1970-77). Diiriiiu,' the year 1,409 samples were 
manulacturt'd for ('valnalion ol tjuality. 4 rials (I & I) 
int'ntimicd in I97t)-77 annual n'port, wt'ic liantlcil ovt'r 
to the management ol (iing 'lea Estate in lieu of new 
area being rnadt' availalrlt' lor llu' station's luturt' plant- 
ing. I'he following Jr/fs were plantt'd out during the 
year. 

Nanda Devi (Stock 878) Standard 

I'ukdah 2:5 

Nagrifarrn 27/10 

Kopati 1/1 

Kopati 1/4 

Kopati ()/12 

Kopati 12/7 

Marybong 28 

Marybong 70 

Longview 21 

Longvit'w 8 

Rydak 2 

Estate Experiments 

'These experiments were conduett'd l)y this Depart- 
ment in various estates under dilfcrcnt agio-climatic 
regions of North-East India. The objective is to put 
the initial findings at Tocklai to test in dilfi'H'iii regions 
so that in due course of time regional recommendation 
can be made. At present, 112 experiments are being 
continued and results of some of the experiments arc 
presented in this report. 

'The past practice of holding the estate responsible 
for laying out, imposition of treatments and collection 
of data has now been discontinued. Instead, trained 
Tocklai personnels have been directly responsible for 
each stage of experimentation under the supervision 
of an officer stationed at Tocklai, who visits the experi- 
ments as frequently as possible, and co-ordinates the 
work with the help of the local advisory officers. 

llie data arc being collected in the newly developed 
proforma in the field for direct punching and subsequent 
feeding to the Computers. 


The list of experiments conducted by this department 
is given in Appendix ‘A’. 

Research & Development Scheme 

A scheme on Research & Development was initiated 
and the details were circulated to all member companies. 
The main object of this scheme was to carry out need- 
based ex|)erimeiits on the participating estates under 
the techniial guidance of Tocklai. This should enable 
llic participating ('states to derive immediate benefit 
from the results of such experiments by fruitfully iinple- 
mc nling the positive Hiidings on a large scale. 

A liw estates joined this scheme and f ield Assistants 
w('rc traiiK'd at Tocklai to ('onduct tin' cxperiim'nls on 
the ('States in the correct way. 

Comments on Agricultural Practices 
Land Planning & Drainage 

Planters, in general, are becoming more conscious of 
drainage problems but due to paucity of experienced 
surveyors, th(' progri’ss made was not upto ('xpi'c tat ion. 
Advisory Officers Iielped the manag('rs, as and uhen 
ni'eded, in laving out drains on tin* co.uiour survey maps 
pia pared by tlieir a|)|)ointed survc'yors. 

The und('rsi/.('d culv('rts oi thi' railway tracks and the 
.National High-Way with the bed ol the culverts often 
at a higlier level caused drainage prolffems in certain 
ar(‘as. 



Sluice gate at Maindrain to check back flow 


Pruning Cycle 

Inspile of Tocklai’s recommendation of 3-yr pruning 
cycle for vigorous tea and 4-yr cycle for average tea, 
a certain section of the industry is extending the cycle 
further by introduction of unprune or other lighter 
form of skiff. 'This has led in some cases to incorrect 
skiffing as well as tipping measures. Cases where very 
long pruning cycles have been followed, have resulted 
in considerable thickening of the new wood. Under 



Annual Scientific Report For 1977-78 


il 



Main drain wiih a bund to check entry of flood water 


suc’li circinristanccs, llu* normal lipping- HK^asurc ol' ‘20 
cm in llu' lit;!!! pruned year is not adeciuaK', and a hi^lier 
lipping iiK'asurr will have to be given. 1 Itis, oj course, 
will cause furlher loss in crop in the pruned year. 

Besides, very lengthy pruning ( ycle causes the problem 
oC bush hygiene. 

Rejuvenation 

Rejuvenation pruning had not been very popular. 
However, certain companies having inadequate land 
Tor extension planting took up rejuvenation pruning 
in a planned manner. It was usually observed that 
the crop loss due to heavy prune could be recovered 
in the third year after the pruning. Infilling, particu- 
larly in blocks has shown very encouraging results. 

Plucking 

Most estates tried their best to maintain plucking 
rounds to seven/eight days. The standard of plucking 
in South Bank was generally satisfactory. However, 
in the Dooars and Cachar, the standard of 



Ground leveling work following medium pruning 


plucking was not comparable lo that of Assam Valley. 
I'.staies who used to ti|) iheir teas low appearc'd to have 
r('alised (he beneficial effects of leaving adequate main- 
leiiauee foliag<‘ at lipping. 

Young Tea 

I'he lemhuicy ol‘ using a higher bush population over 
‘20, Odd per ha has now declined and most estates arc 
using a bush population varying from 14,000 to 20,000 
plants p(T ha. F(‘gging in combination with low li[)ping 
for r. using young tea in lieu of the c*arli(‘r ukuIkhI oi 
centering out and reeentering was exK'nsively us(’d and 
high yield was obtained from peggicl t(‘a in the initial 
years. The standard ol managciru'nt ol young teas 
all over improved considerably. 

Planting 

Paucity ol suitable' land lor extension planting C‘om- 
pe lled many estate s te) go for marginnl and submarginal 
lands. Replanting programme's take n up by the estates 
we're* nu)stly under lea Board’s replanting subsidy 



SpaciiiB Trial mt H.Q. plot mt Thalnirbafi^North 
Bonk Ad. Dcp. 
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Tocklai Experimental Station. 


scheme. Area brought under replacement planting 
was very small. 

Infilling of mature teas gained some attention in South 
Bank and in the Dooars. 

In North Bank infilling was favoured only in case of 
medium or heavy pruned teas. Block infilling, how- 
ever, had been done successfully by a number of estates. 

Clonal Selection 

CHonal selection scheme gained popularity and many 
estates took up .selection work in (heir old hybrid sections 
before they are uprooted and lost to the industry forever. 
A team of field workers from the Botany Department 
were helping the tea estates in their select io/i works. 
Advisory Officers also hi'Iped the estates with their sugges- 
tions. 

Vegetative Propagation 

Estates rapidly changt'd to North light overhead shade 
in vegetative propagation nursery. Planters in general 
were happy on the success obtained in propagation 
under such shade. 

Some estates adopted with success direct j)lanting 
of cuttings on slecv(*s. Advisory Officers, however, 
preferred planting on the pre-treating beds and then 
transfer to .sleeves after callusing/rootirig as this practice 
eiLsures higher percentage of success. The clones 
propagated in large s<^'ale were TVl, I’Vl?, TV 18, 
^1^19, Teen Ali 17/1/.54 and P-126/A. Estates also 
have taken interest in propagating the newly released 
Tocklai clones viz rV20, d'V21 & rV23. Estates 

curtailed propagation of rV9 to a great extent. 

'I’he progress of vegetative propagation in Darjeeling 
continiK'd to remain sluggish. Unle.ss the century old 
tea bushes are replaced quickly, the industry may fac(* 
a .serious situation. Solution to the problem of replant- 
ing needs to be found by other authorities d>a Board 
and State & (Central Governments. 

Seed 

Number of estates which took interest in establishing 
seed baris with Tocklai biclonal stock 449, 450 & 397 
were increa.sed. As these seeds are not easily available 
for planting, estates having programme of planting 
with seed used polyclonal stock 203. 

Heavy demand for Nanda Devi seed continued from 
Darjeeling estates. 'This seed is normally used for infill- 
ing vacancies in the existing planting. 

Nitrogenous Manure 

'Fhe tendency of over manuring in mature tea appeared 
to liave declined. 'Iliough I'ocklai suggests application 
of manure in a single dose some estates of Cachar applied 
manure in split doses. Gertain groups on South Bank 
also carried out split application (with what results ) 


Phosphate Manuring 

Application of 20 kg phosphate per ha once in three 
years still continued in mature tea. 

Potash Manuring 

Potash manuring in mature tea on the basis of soil 
analysis continued. Potash manuring became popular 
in West Bengal. Firm recommendation of potash man- 
uring for the Dooars is still awaited. 



A huge extension Programme at Doolo T.E (Cachar) 
target 80 ha per year 


Foliar Application of Urea Sc Zinc 

Gontrary to Tocklai’s suggestions to limit foliar spray- 
ing of urea or muriate of potash in waterlogged sections 
or in drought in early part of the year, many estates are 
applying these chemicals as a standard practice with 
the hope of getting some extra crop. 

Spraying of Micronutrients 

I'inal recommendation on the results of the micronu- 
trient trials arc still awaited, but tea estates are trying 
micronutrients on their own initiative in the hop(‘ of' 
getting some beneficial cfi'ect in the year of high prices. 
A large number of proprietory brands arc in the market 
and some of them have sold large quantities of their 
micronulrient mixtures. 

Manuring of Young Tea 

Liberal manuring of young tea with 2:1:2 or 2:1:3 
NPK mixture continued all over. Results of new c.x- 
periments to find out optimum requirement of manure 
in the context of the new method of raising young tea 
are awaited. 

Weed Control 

4’he probleim of controlling resistant weeds like 
gonum chinense, Diascoria bablifera^ Ipomea cymosa, Setaria 
palmifolia and Digitaria sanquinalis have become more 
icute. Estates took up manual uprooting and disposal. 
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ol such weeds. Mikania was succcsslully controlled by 
application of 2,4-D. Area under clieinical weed 
control appeared to increase, inosth’ using Gramoxone, 
2,4-D and Dalapon. 

Mulching 

Mulching particularly in young leas was widely adop- 
ted, but inadequacy ol muhhing materials had been a 
problem all over. Some gardens used slow decomposing 
materials like paddy straw treating it with either sulphate* 
ol ammonia or urea at 20 kg N/ha. Some gardens re- 
ported excellent results by using mulching against drought 
emxn. 

Shade 

The unlavourable shade trees like Albizzia procera 
(Koroi), Dalbergia assamica (Bormcdelna), Dalbergia 
sissno are being gradually replac(‘d. In the Dooars 
ev(‘n though the need ofshadeis great, planting ol'shade 
in poorly shaded sections was not given due importance 

In Darjeeling Sesbania sinerescences, a temporary shade 
species was found to be very encouraging at elevations 
below 1200 m. 

Pests Control 

Incidence of f)ests were low in Nortli Bank, South 
Bank and in the Dooars. In Gachar pest infestation 
was comparatively lesser than tliat in the previous year. 
In Darjeeling attack of Thrips, Scarlet mite. Purple 
mite and Scale insect caused considerable damage. 
Attack of loojK'r caterpillar was severe in some estates 
of South Bank and West Bengal. 


Diseases Control 

Major diseases as usual were red rust and black rot. 
Incidence of black rot in South Bank was lower than 
in the previous year. The attack of blister blight was 
severe in Darjeeling, and in some estates of North Bank. 
For the first time attack of blister blight was reported 
by a number of gardens of West Bengal. Amongst 
primary root diseases attack of charcoal stump rot and 
brown root rot very common. 

Red root rot was also reported from a very few 
estates of South Bank. 

Root splitting disease Armillaria mellea was recorded 
for the first time in an estate of Darjeeling. Last year 
it was first reported from Sikkim where large areas have 
been affected by the disease. 

Estate's, in general, took control measures sincerely 
against the attack of diseases. Goiitrol nu^asure taken 
by th(' 'I’ripura estates were not adequate. 

Soil fumigants gave encouraging results in controlling 
primary root disease's, ljul tlieir use remained re*stricted 
due to their ne)n-availability in the market. 

Appearance of a })artial parasite Asco-Lichen {Anlh- 
racotilhiuium maniparensis) was found for the first time in 
Darjeeling. This parasite causes diesback of branches 
is widely prevalent in higlie'r altitudes. Removal of 
affected branches is the only me'lhod of' control. 

Die-back of bushes in Darjee'ling without showing any 
symptoms of any known cause* warrents a thorough 
invest igatieni. 



Foliar application of ziac sulphate increased yield in all 
gions. Indications are available that 12.5 kgjha mav be equally 
elficienl to higher rales except in Darjeeling and North Bank 
inhere higher rates may be even better. 

Rejuvenation pruning during rains didn I show promise. 

Except in odd cases, no extra advantage over infilling at 
double the number of plants per vacancy plus one was obtained 
by inter planting in cold weather rejuvenated plots. 

Preliminary results of NPK trials showed that high appli- 
cation of nitrogen {200 kgjha) with suitable combination of 
phosphate and potash increased the yield of tea in all areas except 
North Bank and Cachar. Balanced NPK fertilizer is necessary 
in mature tea for maximisation o f yield. 

(a) Foliar Application of Zinc 

(1) Assam, South Bank Experiments (Nos. As. 

109, As. 112, As. 115 & As. 121) 

Four cx|)crinicnts, one each at Paiiilola (As. 109), 
Sepon (As. 112), Daimukhia (As. 115) and Rokikhal 
(As. 121) 'Tea Estates were coiiclucted in the South Bank. 
The results are presented in labh' 2.04, 


Table 2.04. 

Yield of made tea in 

kgjha 


Experiment Nos. .N 

.s. 109 

As. 112 

.\8. 115 

\s. 121 

Average 

' — — . — 






'IVealmcnls 






1. 1 - No. zinc 






(control 

2402 

2050 

3 1 5(j 

202 1 

2407 

T.2 -= 12.5 kg zinc 
/ha 

2386 

2117 

3441 

2307 

2563 

T.3 - 25 kg zinc/ha 

2413 

2171 

3166 

2574 

2581 

1'.4 50 kg zinc/ha 

2419 

2436 

3330 

2343 

2657 

I,Sl) (P .05) 

NS 

172 

NS 

1 56 


C.V.“o 

4.21 

5 . 55 

5 . 39 

■1.7H 



Substantial increase in crop due to sprayini< ol’ zinc 
sulphate was recorded in three out of four trial plots 
this year. 

At Sepon F.E. (As. 112) progre.ssive increase in crop 
with increasing rates (T zinc sulphate was observed and 
50 kg ZnS0.j per ha significantly out yielded all other 
treatments. 

At Daimukhia T.E. (As. 115), however, maximum 
increase was ol)tained with 12.5 kg ZnS 04 per ha. 

At Bokakhat T.E. yield response was parabolic in 
natu^'c where maximum yield was obtained with 25 kg 
ZnS 04 per ha and then it dropped with higher rate. 

In the south bank, the average response of zinc during 
the year showed definite increase due to zinc applica- 
tion over control. 

(ii) Dooars (Experiment Nos. D. 52, D. 53 & D.34) 

Three experiment were conducted in the Dooars one 
each in Kartick (D. 52), Baradighi (D. 53) and Bhogot- 


^ummarg of Brsults 

pore (D. 54) FEs. [’he results of 1977, are presented 
in table 2.02. 


Table 2.02. Field of made lea in kgjha 


— Experiment Nos. 

D . 52 

D.53 

D.54 

.\vrrage 

Trc.atnu'nis 





r.l No zinc (control) 
r.2- 12.5 kg zinc/ha 

1.3 — 25 kg zinc/ha 
r.4 .50 kg zinc/ha 

LSD (P .05) 

(l.V.% 

3788 

4426 

1044 

4043 

NS 

8.92 

3951 

3529 

3658 

3267 

NS 

10.53 

2144 

2162 

2189 

2299 

62 

2.21 

3291 

3372 

3297 

3203 


Fn Dooars the response of zinc spraying was para- 
bolic at Kartick E.E. {D.52) with substantial gain due 
to 12.5 kg zinc sulphate per ha. At Bhogotpore (D.54), 
however, the trend was linear ut)to the highest dose of 
zinc sulphate (50 kg/ha). 


(iii) Darjeeling (Dj. 32 & Dj. 33) 

Two experiments, one each in Arya (Dj. 32) and 
Sungma (Dj. 33) Tea Estates were conducted in Darjee- 
ling, the residts of which were presented in table 2.05. 


Table 2 05. Yiei 

KspcriitifiU Nos. 
Trcatnirnts 

r. 1 - No zinc (control) 

T.2 - 12 ..5 kg zinc/ha 

T.3 — 25 kg zinc/ha 
T.4 50 kg zinc/ha 

LSD (P - .05) 

CkV.% 


f of made tea in kgjha 

1)).:V2 Dj.33 Average 


495 1103 799 

539 1140 040 

483 1016 750 

585 1302 944 

NS 172 

11. cu 10.71 


Benehcial cfiTeci of spraying 50 kg zinc sulphate was 
observed at both the plots at Arya 1 .E. (Dj.32) and 
Sungma 4'.E. (Dj. 33) in Darjeeling. While the yield 
increase from 50 kg was significant over all other treat- 
ments at Sungma 4’.E. it was no so at Arya T.E. 

(b) Rejuvenation Experiments 

(i) Assam, South Bank (Expt. Nos. As.l28, As.l30) 

Two exf)eriments, one each in Tara (As. 128) and 
'Eeloijan (As. 130) TEs were laid out during 1974, the 
results for 1977 arc presented in table 2.06. 

At Tara 'EE As. 128, 443 significantly out yielded all 
other treatments while at Tcloijan I’E (As. 130) cold 
weather pruning was superior to rains pruning but the 
same could not yield better than control as the infills 
have not yet contributed fully towards higher production. 

(ii) Dooars, West Bengal (Expt, Nos. D, 43, D. 44, 
D. 45, D. 46 9c D. 47) 

Five experiments, one each in Dalgaon (D.43), Matc- 
lli (D.44), Killcott (D.45), Rydak (D.46) and Kumlai 
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Table 2.06. Yield of made lea in kt'jtia for (he year J'l77 
Trcalmfnts As.l2H .\s.l3() 


f.l = No rejuvenation (control) 20.')2 2924 

'r.2— Cold weather prune and infill in die spriiifi: 2312 239') 

with a vigorous clone at double the num- 
ber of plants pel- vaeaney ])lus one. 

'r.3= Cold weather prune and infill in the spring 

with a vigorous clone at double the nuni- 2323 23()3 

her of plants per vacancy plus one and also 

interplant to make into hedge i.e. if the- 

original planting was 130 cm 130 cm. 

make it into 130 c tu 73 cm. 

’r.4 prune in July/AugusI and infill in the 

autumn as in Pi 2240 2193 

'1.3 — ^ Prune in July/August ;md infill in (he- 2173 2033 

autumn as in 'r'3 

LSD (P .03) 232 194 

C:.V.% 7.29 .3.77 

(D.47) 'FEs wore laid out during 1972. I hr result.s 
are pre..sentcd in Fable 2.07. 


Table 2.07. Made tea in ki'jha for the year 1977 


Treatments 

I). 43 

D.44 

D.45 

D.46 

D.47 

T.l -- No rejuvenation (control) 

1258 

1715 

2535 

1793 

1505 

T.2 - Cold weather prune and 

1*293 

1735 

2485 

1806 

1916 


infill in the spring with a 
vigorous clone at double 
the number of plants per 
vacancy plus one. 

T.3*= Cold weather prune and 1768 1714 2342 1817 1826 

infill in the spring with a 
vigorous clone at double 
the number of plants per 
vacancy plus one and also 
interplant to make into 
hedge i.e. if the original 
planting was 150 cm 
150 cm. make it into 
150 ( in : 73 cm. 

T. l=» Prune in july/August and 1172 16.30 2164 1430 1.360 

infill in the autumn as in 
T2. 

T.5-- Prune in. July/August and 1434 1876 2338 1836 1832 

in the autumn as in r3, 

LSD (P .05) 226 123 67 184 170 

av.% 1F59 3.12 2.02 7.52 6.99 

Higher yields were obtained from cold weather pruning 
over rains pruning at all places in the Dooars. All 
except one experiment at Dalgaon TE (D.43) showed 
that when the bushes was pruned during cold weather 
no extra advantage from inlerplanting was obtained 
over infilling. On the contrary, when the bushes were 
pruned during the rains, interplanting was more benefi- 
cial at all places except Matelli TE (D.44). It was 
interesting to note that rejuvenation pruning during 
the rains j)roved so deleterious in the Dooars that even 
after five years these plots could not yield more than 
control plots inspite of infilling. 

(iii) Darjeeling Experiment (Dj.38) 

One experiment in Bannockburn TE (Dj.38) was 
continued- during 1977, The results arc presented in 
the table 2 . 08 . 


l.'S 


I'abie 2 . 08 . / ield nj made tea in ki’jlm 

rreatments ' Dj.38 

r. 1 . .No irjuvenation (control) 1141 

r.2 (lold weather prune and infill in the spring with 893 
vigonms rlone at double the numher ol plants per 
\ acaney plus one. 

i’.3 (’.old weather prune and infill in the spring with a 804 
vigorous clone at double the number of plants per 
vacancy idus one and also inlerplant to make into 
hedge i.e. if the original planting was 1.30 cm / 130 
< ni, make it into 130 cm 73 rrn, 

1’. 4 Prune in Julv/A«igust and infill in the autumn as in 756 

T2. 

r..3 - Prune in july/.Xugust and infill in the autumn as in 686 
13. 

L..S.D. (P .05) 77 

(b V.% 7.46 


'Fhc resuhs showed that cold weather pruning pro- 
duced significant increase in yield over July/August 
pruning. Interpianting had not yet shown any 
advantage. 

(c) Infilling Experiments 

(a) Assam Experiment (No. As. 129) 

4’he results of one experiment on infilling As. 129 at 
Halmari TE for 1977 are presented in tabic 2.09 

Table 2.09. Yield of made tea in kglha 


Treatments As. 129 

IM - .No infilling 1988 

T.2^ Infilling with seedling at one plant per vacancy 1918 

'F.3— Infilling with clone TV9 at one plant per vacancy 1933 

'F.4---^ Infilling with s(-(*dlings in a hedge i.e. double the 

number of plants per vacancy plus one. 2056 

\\ 5 -- Infilling with clone TV9 in a hedge i.e. double the 2023 
number of plants per vaeanev plus one. 

I.SD (P ^ .05) 82 

C.V. % 2.94 


At Halmari TE (As. 129) infilling at one plant per 
vacancy has not produced any gain so far but infilling 
at double the number of plants plus one per vacancy 
added extra yield over other treatments including control. 

(b) Dooars Experiments (D.37, D.40 & D.41) 

I’hree experiments in the Dooars, one each in Fagu 
(D.37), Jainti (D.40) and Kartick (D.41) TEs were 
laid out during 1969, the results of which are presented 
in the table 2.10. 


Table 2.10. Held of made tea in kgjha 1977. 



Treatments 

D.37 

D.40 

D.41 

r.i 

No infilling 

1824 

2042 

1655 

r .2 

Infilling with seedling at one plant per 
vacancy 

1946 

2033 

2287 

r.3 

Infilling with clone r\'9 at 1 plant per 
\'aran('y 

1934 

2288 

224(i 

r.4 

- Infilling with seedlings in a hedge i.e. 
double the number of plants per vacancy 
plus one 

1923 

2325 

2005 

r,5 

- Infilling with clone TV9 in a hedge i.e. 
double the number of plants per \ acaney 
plus one, 

2146 

2198 

2469 

liiD (P=.05) 

N.S 

NS 

223 

C.V, 

0/ 

/o 

11.25 

8.14 

7.41 
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Tocklai Experimental Station 


In (hr Dooms rxjx i iinrii Is iiililliiii^ with (iouhlr (hr 
nninbrr ol j)lanls pins onr nsiiiii;^ rV9 clonr produced 
suhstaniial L^ain in crop over all olln'r Ireaiincnl a( l'’agu 
(I), 37) and Karlick (D.llj while (he (lillei’ence in 
yi(‘ld al Kartick (D.ll) was sit*nilicant it had no( rt'ached 
the 1( ‘\ (‘1 of sii;nilicafue al I’a^n fD.37). 

(d ) Nitrogenous Manuring Experinientin Dooars 
at Baradighi TE (D.33 

'This cxperinirnl was slartial in in (he Dooars 

on sand) Joani soil to study (he ('lire l of' (he rrc()ueiic\ 
of iippJicnlion of' dlffrrrnt levels of siilph.iti' o/ aninjoiiia 
on the orow th and \ ie/d of (t\i. ’I ht‘ (‘xpr/iinen ( was, 
modified in 1970 when iwo Ii vt ls of j)olash rd: 0 ki! 
and 200 ki; K^() ha were also incor pora (rd . I’he results 
for 1977 are pi'esenled in (able 2.1 1. 

Table 2 II, ) trld oj .muir fi ii in ly<> hn I') i 




In 

a 1 ti M il (s 


K.i 


Mtan 

9.1 

Nn nilt 

< igcii 




91,51 

2979 

: 5)1)2 

9.2 

110 ku 

\/ha 

iu 

oiM app 

i( at i( > 1 ) 

9971. 

9091. 

929(. 

9’.3 

220 ktr 

N h,i 

III 

OIK' ap]) 

i( ill it >11 

2‘)8 1 

2901 

2912 

9 .4 

110 ku 

\9ia 

iu 

two « (|U. 

'1 .ipplit at it )us 

2')(.l 

9125 

2>195 

9.5- 

220 kiT 

\ ha 

iu 

t w ( ) mi l. 

il appli<’.iti')iis 

9008 

9180 

99' M 

9’.(i 

1 10 kM 

\ ha 

iu 

1 ('(|iial . 

applit al it ms 

2850 

90' >7 

292.8 

T.7 

220 kg 

N/ha 

in 

1 ci jual ; 

ipj)h< at it »ns 

2907 

9180 

9299 

9.8 

220 kg 

.N/ha 

in 

8 .■(|ual ; 

ipiilit .11 it m^ 

917<) 

:70(. 

9tt9 

Mean 






9(H. 1 

922 t 



LSD (p .(la) Inr main plot l i \S 

Ini' sill) |)|()1 I I \S 

C.V, 10, at 


In al)seuc(‘ ol potiish applicalion 110 k^ ,\ |)(a' ha in 
one a])plicalioii wais sniru ic iit to prodma* inaximum 
yield dnrinit 1977. Wluai 2f)0 k<> potash jxa' ha \v<is 
added, the ,L;ain in \ irld tiom 220 k.it nitrogen per ha was 
clear onl\ when the amount was a|)plied in fom* or eii^ht 
splits, \Ioreo\er, tlie benelicial efh'ct ol hit;h |)otash 
application com|)ai'ed to no potash in combination 
with 110 kg nitrogen pt'r ha was ol)S('r\ed when the 
bushes received the nitrog< ii in two or lour ('<|nal appli- 
cations, the former l)eing l)etter than (he latter. 

(cj Cultivation Experiment (As, 134: 

( )ne ex))eriment in the South bank at Deohall Idw 
Hattimara Division (As.L^lj was initiated in 1973, to 
compare the elFects of \arioiis metliods of cultivation 
and chemical weed contiol in a heavv soil. 

ddie results of 1977 ai'<‘ ju’esented in the table 2.12. 

Table 2.12. 1 iild of made fcti in h^lfia l')77 


Treat mints 

r. 1 (Hiec k (f liemi< al \\re'l eoiitml) 1187 

9 .7 (.)tie (li'eji lux' in June 1187 

r,3 One deep hoe in Dec ember 1212 

T.4 - Ore* (Ic-ep lio * in June ■ C3ne deep hoc in DceemIxT 1287 

9'..'’) dnc' fork hoe in J une 1182 

r.b - One fork hoe in December 1232 

9 . 7 - One fork hoe in June One fork hoe in December 1290 

T.B Sickling at inter\als ihroiu^h out the year 1045 

I..S.D. (P- .05) 116 

C.V. % 6.57 


Sonic increase in y itdd was obtained when deep or 
fork ho(‘ing were done during June and December but 
this increase was not significant ov(‘r control. Distur- 
bance* of the soil in June either by deep or fork hoeing 
appt'ared to alfect the yield adversely, but similar treat- 
ments during (old weather tended to increase the yield 
when the weeds were controlled by herbicides only. 
.None of the \ ielrl differemces were' significant. 

(9 Pruning Cycle Experiment (Dj,27) 

All the priming c\(*les were completed in 1977 and 
eoniplete annlysis of I hr data is in progress. I'rcntrnent 
yield for tin' \car 1977 nre prrs('ntcd in inblc 2.13. 

Table 2.13, 1 /r/d nj made Ua in kiijha 




1 n-atuirnis 

Yield 

9’. 1 

LI* 

Jas 

LS 

1101 

9.2 

ly 

Lvs 

MS 

999 

9.9 


1 a. s 

DS 

f)80 

I'.-l 

!> 

I AS 

LS l.vs 

1991 

9 . 5 

|> 

Lvs 

MS Ias 

1.505 

I'.t) 

|> 

I AS 

DS Ias 

1639 

9’ . 7 

1 P 

I. vs 

LS Ias LS |,\s 

129b 

9.8 

1 P 

Lvs 

•MS Lvs ms Ias 

1789 

I'.O 


L\s 

DS Ias DS L\ s 

1519 

!•. 10 

i.p 

L\s 

Ias MS Iaa Lvs 

1262 

9 . 1 1 

19* 

Ias 

Lvs DS Lvs Lvs 

1698 

9'. !2 

LP 

-L.s 

LS DS LS LS 

1661 

LSD 

(.8 . 

95) 


399 

C.V 




16.24 


.Xitionifst the thr('(' \ car cycle 'I'l f LP-Lyj;_C^^ produ- 
C('d signilicantly high(‘r vicld over T2 (LP-Lvs-MS) 
and 13 (LP-Ia’s-DS). 

Amongst the 1 \('ar cya'le treatments, there w\as no 
signiheant difh'n'uce betwiam the various treatments 
in 1977. 

Onl of the various 6 year cycle treatments 'i'8 (LP-T.vs- 
MS-Lvs-MS-I as) {)rodn('('d significantly higher yield 
ov(*r 17 (LP-Lvs-LS-Lv.s-LS-Lvs) and TIO (LP-Lvs- 
Ias-MS-1 a\s-JjVs) . 

A ch'ar picture is likely to emerge when tlie combined 
analysis of the results of all the years are completed. 

NPK Trials 

l'’ourtcen ruAv NPK trials were initiated in 1973 in 
difhaent agroclimatie conditions (including Upper and 
mid Assam, North Bank, Uachar, Dooars, Terai and 
Darjt'cling) to study (he following. 

(1) NPK interaction in a single experiment. 

(2j Optimum conditions of NP & K fertilizers. 

(3) Partial substitution rates of the nutrients through 
study of responst* surfaces. 

(4) Regional r(*sponse variation to fertilizer application, 
(3) Soil test crop correlation. 

The maximum and minimum levels of NP & K were? 

N-- 0 to 200 kg/ha 
P- 0 to 100 kg/ha 
K- 0 to 150 kg/ha 
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The experimental sites were under three year pruning 
cycle like LP-DS-LS except Darjeeling where LP-Lvs- 
Lvs cycle was followed. I’he experiments completed 
one pruning cycle in 1976. Results of combined analy- 
sis of the data collected during these three years can be 
summarised as stated below. 

(1) Nitrogen response was observed to the maxi- 
mum dose of nitrogen (200 kg/ha) with a suitable combi- 
nation of phosphate and potash in all parts of North- 
East India except North Bank and Cacher where the 
inaxinumi response was limited to only 100 kg/ha. 

(2) rhe response lo higher dose of pliosphate had 
been found to be positive with suitable levels of nitrogen 
and potash. In all the regions tea in North-East India 
responded to application of phosphate. 

(3) Response to potash application was ol)served 
in most areas ol Norih-F,asl India the effect was 
positive' even in Dooars, 'I'erai and Darjeeling when 
combined in the suitable levels of nitrogen. Potash 
response is always obtainable in presence' of N, but 
without N it may be' small or counter productive. 

(4) Results indicate die' need of' balanced NPK 
fertili/ers lor mature tea. 

Shade in relation to level of tea Nutrition 

Nine' experiments (twei e’xperirnents are now disconii 
nue'd) were initiated during 1973 in different agro-cli- 
matic conditions of North-East India, (3 in South Bank, 
2 in North Bank, 2 in Cachar and 2 in the Dooars) te>: 

(1) e:e)mparc the yield e)f tea under different shade 
regimes. 


(2) determine the different response to NPK under 

varying shade regimes. 

Treatment imposed are : 

Main plot : 

Ml - No shade 

M2 Shade corrected by lopping 
M3 Existing shade (on the heavy shade) 

Sub-Plot : 

N1 - NPK at 100:20:40 kg/ha 
N2 - NPK at 150:30:60 kg/ha 
N3 NPK at 200: 40: 80 kg/ha 
N4 N only at 200 kg/ha 

I’he experimental sites were under LP-DS-LS cycle. 

Results 

Results indicate that : 

(1) C'omplete removal of shade is not beneficiaL 
in any of the regions of North-East India. 

(2) Optimum shade status for tt'a growing may 
vary from one region to another in North-East India. 

(3) (k>rrection of shade by lopping tends to increase 
the yield in Upper and mid Assam, ('achar and North 
Bank except where the existing canopy, as in case of 
Dooars was alright. 

(4) Indications are there that optimum shade 
density will vary for different agro-climatic regions of 
North East India as there arc variations of lempera- 
tiire, sunshine hours and evaporation in these regions. 



^grnnomiT 


Yield increased with increase in bush population upto a certain 
level which shifted back with advance in age and beyond 
which yield declined. Very high population density 
reduced root depth in young lea. Cessation j reduction 
of the dose of nitrogen caused reduction in the 
yield of well shaded tea in the second year. Application 
of potassium increased nitrogen response. Drip Irrigation 
increased early crop. In young lea, ejfeclive weed control for 
six months every year between April and September resulted 
in belter bu.sh frame, growth and yield, in a seven-year old 
clonal lea, control of a severe infeslaiion of Imperata cylindrica 
by glyphosate gave SO per cent increase in yield. Chemical 
control of mixed weeds resulted in 12 to 24 per cent yield in- 
crease over no weed control in youngish mature lea. Imperata 
cylindrica had inhibitory effect on the germination and growth 
of Borreria hi.spida. 

Planting and spacing 

A new cxperiinent (B.32.2) adopting the systematic 
fan (lesii^n coverini^ 23 spaeings ranging from 15 cm 



Fig 3.01. Yirld population curve i^howing parabolic relation- 
ship in the fan design experiment 



ipig 3.02. Yield population curve showing parabolic relation- 
ship la 1977 in the fan design experiment 


to 150 cm was planted in July 1974. Details arc given 
in last year’s annual report. The 1976 yield data were 
represented in the form of an asymptotic cuvrein the 
above report. Further examination of the data sugges- 
ted that the yield estimates from the closer spacings 



Root Giowth at 15 cm and 150 cm spacing 



Root growth at 89 cm and 150 cm spacings 
Fig 3.03. Root growth at various spacings 
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tended to get exaggerated as a result of the very small 
plot size. It also appeared that the number of bushes 
per plot (11 bushes) was inadequate. It was, therefore, 
decided to fit the curve eliminating seven close spacings 
in 1976 and 11 close spacings in 1977 and this gave a 
parabolic yield population curve with yield declining 
beyond 63,697 in 1976 and 23,208 in 1977. 

The various root growth parameters like spread volu- 
me, depth and weight per plant were adversely affec- 
ted by increasing population. Fig. 3.03. 

The angle made by the first and second branch with 
the main stem was more acute with closer spacings. 

Population liad a significant effect on microclimate. 
Relative humidity was highest in the closest spacing and 
lowest in ilu' widest spacing. Soil temperature was 
PC- to 4''C! higlier in the widest spacing compared to the 
closest spacing. Soil moisture in the 0 60 cm profile 

was less in the closer spacings (()mpar('d to the wider 
spacings. 

Plucking 

In 1976, the plucking experiment (B. 1 12.1) was rnodi- 
lied to study the effect of continuous and intermittent 
standard and black plmking systems. fhe |)lucking 
season was divided into three [)eriod.s i.e., beginning of' 
tlie season to May, June to Sef)tember, and October 
to November. Standard and/or black plucking in 
llu’se three periods was done continuously or intermi- 
ttently in various combinations. Rc'sults so far indi- 
cated that there was no significant difference in yield 
l)e(ween these treatments in 1976 and 1977. The ex- 
periment is being continued. 

Plant Nutrition 

Several experiments are being conducted at Borbhetta 
to study the response of Ic'a to different plant nutrients. 
'I’he rc'sidts of some of thc^se ewperiments are breifly 
discussed below. 

Nitrogen 

In a factorial experiment (B. 8/1), started in 1966, 
thrc'e nitrogen levels (100, 200, and 300 kg/ha) were 
included along with four spacings and two clones ( I’Vl. 
and TV9). I'here was no yield difference between 
treatments in 1970. However, in 1971 and 1972, there 
was no significant difference between 200 and 300 kg, 
but both these levels were significantly superior to 100 
kg level. From 1973, 300 kg level depressed the yield 
and this effect was significant over 100 kg and 200 kg 
levels since 1974 (Table 3.01). Yield reduction due to 
300 kg N application over 100 kg level wa.s 13, 17, 18, 
43, and 53 per cent in 1973, 1974, 1975, 1976, and 1977 
respectively. This advcr.se effect of continuous appli 
cation of high dose of nitrogen was also observed in 


ca.se of 200 kg level in 1976 and 1977, the reduction in 
yield being 17 per cent and 22 percent respectively. In 
both these years, 100 kg level was significantly superior 
to the two higher levels of nitrogen. 

Table 3.01. Elfa t vf different levels of nilroi^en on yield {made tea, kgjha) 


Xilrogcn 

1973 

1974 

197.5 

1978 

1977 

(kK/ha) 

L.P. 

1)..S. 

M.S. 

L.P. 

D.S, 

too 

1484 

1990 

1897 

19(>4 

1872 

200 

1 .")44 

20()0 

2028 

1833 

1.305 

300 

1289 

1859 

l.'i85 

1 125 

784 

L..S.1). 

Level) 

X. S. 

228 

200 

184 

199 

(^.v (%) 

22.1 

1(>.1 

14.0 

18.0 

21.8 

In a different 

experiment (B. 

104), the 

effect 

of three 

wels of nitrogen (90,135, 

and 

180 kg/h 

a) on 

two jats 


of tea (Bcijaii and Gaurishankar) planted at five diffe- 
rent spacings is being studied. After an initial boost 
in yield in 1961 and no increase from 1962 to 1968, tht» 
higlu'r levels of nitrogen depre.ssed the yield since 1969. 
'Fhe results of 1972 to 1977 (4 able 3.02) showed that 
90 kg level of nitrogen gave significantly higher yield 

Table 3.02. If feet of three levels of nitrogen on yield {made tea kgllia) 


.Nitrogen 

1972 

1973 

1971 

1!)75 

1978 

1977 

(k^/8a) 

L.F. 

1)..S. 

M.S. 

M.P. 

FI.P. 

L.P. 

<)0 

M82 

128!) 

i3i;i 

591) 

187.5 

1289 

135 

1370 

1174 

1343 

540 

1 7()4 

1234 

IHO 

1278 

1117 

1251 

481 

1591 

1 133 

LS.'.) (5“i 

, levrl) .5‘) 

.50 

.58 

31 

87 

82 

C.W (%) 

9.() 

9.1 

9.8 

13.0 

11. 1 

11.4 


than 135 and 180 kg levels in all years except 1974 and 
1977 when 90 kg and 135 kg levels wt're at ])ar. In all 
the years, application of 180 kg nitrogen reduced the 
yield significantly. 

In another factorial experiment under unshaded 
coiulition (B. 5.1), the response of Fingamira jat tea to 
lour levels of nitrog<‘n, two levels ofj)hosphale and two 
levels of potash is beiiig studied since 1961. The results 
indicated that 150 kg/ha h vel depress’d the yield {'Fable 
3'03). Fhere was significant reduction in yield when 
nitrogen level was increased from 50 to 100 kg in 1972, 
1973 and 1977. 


Table 3.03. If feet of four levels of nitrogen on yield of unshaded tea 
{made lea kitlha) 


Xicn 

1972 

1973 

1974 

197.5 

1978 

1977 

(kg/ha) 

1..P. 

UP. 

UP. 

L.P. 

UP 

D.S. 

0 

1134 

1153 

1234 

798 

1353 

993 

50 

1348 

1 522 

1785 

1180 

2078 

1372 

100 

1 148 

1434 

1808 

2093 

2091 

1274 

1.50 

8.54 

1135 

1 549 

819 

1788 

1001 

L.S.l). (5% level) 

87 

88 

109 

88 

145 

95 

C.V.(%) 

10.9 

9.4 

9.8 

12.7 

11.2 

10.5 


Effect of cessation/reduction of nitrogen 

In an experiment (B.l 13.1) where single vs split appli- 
cation was being studied from 1965 to 1975 no signifi- 
cant difference between treatments was observed. The 
treatments were modified in 1976 as per details shown 
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in liable 3.04. The tea is of Khorijaii jat planted in 1960 
and has a good stand of Albizzin odoratissima. 

Table 3.04. Effect of cessation I reduction of nitroj^en {made tea kiilha) 


upt<» 1975 k^/ka 

Nitrogen do.se 
from 1970 

Made tea kg/ha 

1970 1977 

L.P. D. S. 

90 single 

90 single 

1065 

1964 

135 single 

135 „ 

1538 

1909 

90 two splits 

45 „ 

1 552 

1770 

135 singU* 

45 „ 

1530 

1693 

135 three splits 

90 „ 

1530 

1754 

90 four splits 

No nitrogen 

1478 

1571 

135 four splits 

No nitrogen 

1522 

1553 

L.S.D. (5% level) 


N.S. 

204 

C^V.(%) 


4.5 

(i.6 


'I’he results of 1976 showed that there was no signi- 
heanl reduction in yield as a result of witliholding nitro- 
gen application or reducing the dose of nitrogen. In 
1977 cessation of nitrogen caused about 20 per cent 
reduction in yield. Reduction of nitrogen doses also 
caused rt'duction in yield. It is interesting to note* that 
when nitrogen dose was r(*duc(*d from 135 kg/ha to 90 
kg/ha it gave lower yield than when the h‘vel was main- 
tained at 90 kg/ ha. 

Phosphorus 

One factorial experiment (B. 105) is being conducted 
since I960 to study the response of TV 2 clone to four 
levels of applied as single superphosphate. After 

an initial adverse elTeca at 180 kg till 1970 and no signi- 
ficant response from 1971 to 1973, phosphorus was found 
to increase yield significantly in 1974, 1976 and 1977 
(Table 3.05). 4’here was significant response at 90 kg 
in 1974 and 1976, and at 45 kg and 90 kg in 1977. I'here 
was no significant increase in yield over 45 kg level in 
1974 and 1977, but in 1976, 90 kg level was significantly 
superior to 45 kg level. Application of 180 kg tended 
to be detrimental in all the years excejit 1976. 

Table 3.05. Effect of different levels of fthosphate on yield {made tea kglha) 


P 2 O 5 

1973 

1974 

1975 

1976 

1977 

(kg/ha) 

I..P. 

D. S. 

L.S. 

L.P. 

D.S. 

0 

1697 

1865 

1786 

1022 

1348 

45 

1730 

1977 

1824 

1231 

1631 

90 

1796 

2067 

1826 

1410 

1646 

180 

1706 

1975 

1711 

1446 

1599 

L.S.D. (5% leve ) 

N.S. 

117 

N.S. 

139 

175 

C.V. (%) 

8.6 

8.4 

11.7 

15.3 

15.8 


This response to phosphorus observed in three of 
the past four years is possibly due to (a) the effect of che- 
mical weed control which eliminates weed compclitiori 
and encourages production and development of a mass 
of surface feeder roots and/or (b) the interaction of phos- 
phorus with zinc which is being applied as zinc sulphate 
since 1970. Further work is needed to test these hypo- 
theses. 


fn a different experiment (B. 23/3) conducted on 
Tingamira jat planted in 1971, the effect of mulch 
and weed control on the response to various levels of 
phosphorus application is being studied since 1973. 

Table 3.06. Effect of phosphorus, mulch and chemical weed control on 
yield {made tea k^lha) 


Treatment 

1973 

1974 

1975 

1976 

1977 

L.P. 

D.S. 

L.S. 

L.P. 

D.S. 

Phosphorus (kg:/ha) 






0 

1468 

2140 

2031 

1623 

1890 

50 

1474 

2214 

2047 

1605 

1843 

100 

1463 

2186 

2048 

1588 

1852 

150 

1506 

2181 

2084 

1634 

1901 

200 

1480 

2182 

2108 

1661 

1907 

L.S.D. (5‘*,. level) 

N.S. 

N.S. 

N.S. 

N.S. 

N.S. 

c;.v. (%) 

8.5 

7.0 

7.9 

6.8 

12.7 

Mulch 






.No mulch 

1480 

2162 

2017 

1592 

1800 

(iuatemala mulch 

1477 

2200 

2110 

1652 

195(i 

Weed Control 





( lh<*eling 

1483 

2173 

203() 

!584 

1823 

Ch<*mical vv<*ed conlrt)! 

1473 

2188 

2091 

16(i0 

1934 

L.S.D. (5% level) 

N.S. 

N.S. 

47 

56 

ti3 

CA’.(%) 

5.6 

5.7 

5.0 

7.6 

7.4 


'fhere was no significant yield difference belw(‘en 
the various levels of phosphorus applicalion, mulching 
and weed control treatments in 1973 and 1974 (lable 
3.07). In 1975, 1976 and 1977 mulching and chemical 
weed control were significantly superior to no mulching 
and cheeling respectively. In the light pruned year of 
1976, the interaction 'between mulching and weed con- 
trol was significant suggesting that mulching in cheeled 
plots was beneficial but mulching in herbicide-treated 
plots did not benefit the mature t<‘a. However, this 
interaction was not significant in the deep skiffed 
year of 1977. 

Potassium 

'fhe response of clonal lea (4’V 2) to potassium is being 
studied since 1960 in an experiment (B. 105) involving 
four levels of K./) and (discussed earlier under 

response to phosphorus)). The data (Table 3.07) indi- 
cated that there was significant response even at 45 kg 
KjO/ha in the pruned years and the three levels were 
at par (1973 and 1976), but in the skiffed years (1974, 
1975 and 1977) 180 kg/ha gave higher yield than 45 
kg/ha. 


Table 3.07. Effect of different levels of K 2 O on yield {made tea kgfha) 


KjO 

1973 

1974 

1975 

1976 

1977 

(kg/ha) 

L.P. 

D.S. 

L.S. 

L.P. 

D.S. 

0 

1495 

1671 

1555 

1048 

1218 

45 

1779 

1988 

1 780 

1293 

1.525 

90 

1803 

2054 

1880 

1349 

1687 

180 

1854 

2171 

1933 

1420 

1793 

L.S.D. (5% level) 

106 

117 

149 

139 

175 

C.V. (%) 

8.6 

8.4 

11.7 

15.3 

15.8 

'Fhere is a general decline in 

yield 

over 

the 

years 


which is most likely a clonal effect. 
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Nitrogen x Potassium Interaction 

In (he cxpcrirncnl B 5.1, where shade was ahseiil, 
the interaction between nitro.i^en and potassiuni was 
signiheant in all the years since 1973 ('I able 3.08). 'Fhe 
presence of K./) (100 kg) had signiheant beiu^ficial 
effect on (he response to nitrogen. 


Table 3.08. Kfject of fiitroi^cn in ihc ftresetue and ahseme of fmtnssium on 
yield {made lea ki’IJta) 


Fotassiiim lc\ ('Is 

I97:> 

(1-8.) 

1070 

Tti.p.) 

1077 (l)..S.) 

Niiro^'n K'vcls 

Ko 

•^100 

Ko 

K !I(0 

K|) Kjoo 

No 

7a:i 

813 

1350 

13 It) 

1031 !f52 

l^'sei 

1030 

1201 

1800 

2257 

1211 1502 

Nioo 

m2 

1303 

1720 

24(>2 

1058 1400 

^150 

5()7 

1072 

1300 

2170 

717 1254 

L.i:)..S. U'vcl) 

124 


20(i 


135 

C^. V. (%) 

12.7 


11.2 


10.5 

'The' ele'le'te'rie)us 

e fleet of 

high 

Icve'l 

e>f nitre)ge‘n w^as 

greatly reduced in 

the' jire'sc nce 

e)l potash. 

The' le've ls 


N.„ and N,,,,) Kj(jq gav(‘ sigiiihcantly higlua- yi(‘lds 
in all the years. 

'This interaction was not signifKaiii uiuha- shade'. 

Zinc 

In one trial (B. 108/1.2), the* clfect ol' /inc is being 
studied since 1 970 on Tingainira jat tea plante'd in lf)58 
and grown under medium shade. Zinc was af)plie(l 
as /inc sul[)hatc at 21 kg/ha. f<x('ep( in 1971, no sigiiili- 
cant res|)onse to /inc was ob.servcd, d’his expeiiment 
has been dise'ontinucd. 

In another experiiiK'iit (B. 1 A/2.1) where clonrd tea 
(TV 9) was planted in 19()1, a study is being condiK te'd 
siiK't' 1973 to detennine the level, method, and fr(‘(|uency 
of application of /inc on mature' tea. Zine- w.rs a|)|)lieel 
te) (he* I'oliage or soil at 12.5 aiiel 25.0 kg/ha e'ilhe'r one e' 
a yexar or once in thre*e* years No signiheant yielel elilfe- 
rences be-twe'e-n the' treatments were e)bserve'd se) far. 
'Fliis exxperiment has been disceintinued. 

Long term yield trial of Tocklai clones 

A lemg term trial (B. 40/1) was initiateel in 19G6-77 
with elifferent clones to compare (heir yielel [)e'i feirmance* 
under Indigofera tcysmanii shade; Yielel elata (not ad- 
justed for vacancies) are given in 'Table 3.09. Clone 


Table 3.09. 

Yield of 

different clones and seed stocks {made 

lea kill ha). 


Vacancy 

Yield in 


Vacaney 

Yie4d in 

Clone in per cent 

1977 

Clone in 

f)ci ei'nt 

1977 

TV 1 

12 

1900 

TV 13 

41 

2223 

TV 2 

27 

2009 

rv 14 

l(> 

2703 

TV 4 

9 

2435 

IV 15 

21 

2431 

TV (i 

44 

1740 

TV 16 

20 

2410 

TV 7 

3 

2013 

4’V 17 

10 

3028 

TV 8 

8 

2440 

rv 18 

7 

2716 

I’V 9 

4 

2270 

TV 19 

8 

2014 

TV 10 

4 

2947 

107/2 

6 

2489 

TV 11 

4 

2679 

Stock 150 

4 

2357 

TV 12 

10 

2654 

Beljan 

7 

2296 

L.S.D. (5% level) 


380 



C.V.(o/J 



11. 1 
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TV 17 gave the highest yield and was at par with clones 
TV 10, TV 18, T V14 and TVll. It is interesting to 
note that 4V19 which gave the highest yield in 1976 
rankeal 7(h in 1977. lliis suggests the pe:)ssibility of 
interaction ejf cle)ne' with type* ot* prune. 'This aspect 
will be* studie'd in gre^'l(e!^ eh'pth in-future. 

Irrigation 

A drip irrigatie>n system was installeal in December, 
1977 mainly te) stuely (he feasibility e)f drip irrigation 
in te'a. This system, alse) kne)wn as 'Trie:kle Irrigatie^n, 
inve>lvcs slow aj)|)lication e)f water to (he reiot zone e:)f the 
cre>p. 'This is ele)ne by using PVC tubing along the 
eTe)p re)w and small ne)//les or emitters arc provide'd 
ne'ar e ach j)lant. Wate-r is pumpe'd through the plastic 
pipe's anel elrips from each no/zle nexir the crop. It 
eex)ne>mise's the use e)f water ce)nsielerably. The pre)te>- 
ty[)e eh i|) irriga(ie)n set was supplie'el by M/s Voltas anel 
Messe'rs B.B. Bhaga e)f Ve)ltas and T. C. Channappa 
e)f the Llnive'isity e)f Agricultural Scienea^s, Bangalore, 
helpe'd in the installation anel trial run. 

'The' e'xperime'iit was laid out on mixe-el clemal tea plan- 
te'd in 1973. The're' we're' three treatments, namely, (i) 
dri[) irrigation, (ii) drij) irrigatie)n with 100 kg N/ha as 
ure'a plus 100 kg KgO J)er hectare as muriate of potash 
apj)li('el e>nce along with the' irriga(ie)n water on 16.2.78, 
anel (iii) ne) irrigation. The same epiantily e>f the above 
fertili/e rs was applie'el bre>aelcast te) the' e)the!r two ire'at- 
ments on 8.4.78. The tre'atments we're' re'plicated twice 
thus giving a te>(al of (> plots. Eae h ple.)t had an area 
e)f 318 m-. IVnsiome'ters were installe'el at 22 cm, 45 
cm, 68 cm anel 90 e in ele‘|)ths in e)n{* re'j:)lication. Irri- 
gation was started on 25th January, 1978 anel repe'atexl 
when the' (e'nsif)mete'r reading re'ae he'el 10 cm mercury. 

'The monthly re'e'enel on ihe^ c|uantity e)f waterr applicel 
anel rainfall is give*n in Table 3.10. 

Table 3.10. Manddy record of ra 'nfall and quanlily of waler applied 


Month 

Kainlall 
in inin 

(Quantity of water 
appli('(l in rm/ha 

October, 1977 

181.3 



Noveinber, 1977 

19.5 


Dcccinlxr, 1977 

18.7 



fannary, 1978 

4.7 

1.57 

Vebniarv, 1978 

12.7 

17.80 

March. 1978 

62.3 

18.40 

April, 1978 

43.1 

13.35 


Plucking was started on the 3rd March. The yield 
for (he three treatments during March and April is given 
in 'Table 3.11. 

Table 3.11. Yield under different treatments {made tea kftjha) 


Treat n lent 

Made tea kg/ha 

March April 

Total 

Per cent increase 
over control 

Drip Irrigation* 

216 

199 

415 

45 

Drip 1 Fertilizer** 

280 

221 

501 

75 

No Irrigation* 
(Control) 

106 

179 

285 

0 


* Frrtilizrr applied broadcast on soil 
Fertilizer applied along with drip irrigation 
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'I’he March crop has iiicn'ascd substantially under 
drip irrigation. Application of fertilizer along with 
drip irrigation increased yield liirtlier both in March 
and April. April crop did not incr(ais(* to the same 
extent as the Marc h crop. frrigation gave* 4.^) pc'r cc'rit 
increase and irrigation with Icatilizc'r resulted in 75 per 
cent increase in the croj3 uj)to April. 

Wi:h:i3 CONJ’ROL 

Weed competition in young tea 

A (ield experiment (.\o. ;i/7b) is bring conducted 
.since* A[)ril 147b on an area ()lanted with TV 1 in Nc3- 
vc*mber 147r) to ch*lermin(“ the critical perioil of vv<‘c*d 
coin[)C‘tition in young te a. VVeacl ce)ntre)l was done* in 
certain pcaaods of the* year (vide Table 3.12 for trc*at- 
ments) and the* plots were* le*ft unwe*c‘de'el in the* rc'main- 
^ng [)art of the* yc*ar. 'I’he* predeaminant we*cels in this 
trial W(*rc* BortHria fiispida, v/c, Scofnirin diflc/s^ 

Dii>if.aria sanouiiialis, ([rperus s/c, atid A<^(’raliini conyzoidc.s, 
in that ordcT. 

When wc!e!ds we're* c ontre)lIe*el from .April te) June: and 
April to Septe*mbc'r, wee*d growth dining the* re*maining 
part of the year was substantially le-ss. In the* absence* 
oi we_*ed control during lhe*s«* (wo j)e‘rioels there* was pre)- 
fuse* we*ed growth by July and ( )c(obe'r re'spe'e t ive*ly. 
I’lic! dry rnattc‘r eil we*rds aceiimula te'd and uitreigen 
removed by the'in l)c'iwe*e'u ;\pril and Se*j)ie'ml)e*r rc*.s- 
pcc'tively were 13,040 kg/ha and 2.32 kg/ha in the lirst 
year and 8,400 kg/ha and 1.31 kg/ha in (he* se*couel year. 
VVc*e*cl c:c)ntre)l during this six-month pc*riocl le'sulte'el in 
better bush frame and gre)wth (due* te) more* numbe*)* ol 
primary and sc'c einelary braiie hes) and hem c* highe'r 
yie*ld (of made* te-a) i.e*. 14.3 jie'r ce*ut incrc'ase* in the first 
year and 3.3.3 pe r ce'Ut in the se-coiid ye*ar (Talile* 3.12). 

Table 3.12. I'Afrd of art d aoniirfition ol dijjrrnif ()(-riod\ of the year on 
the yield of youn» tea 





Made 

lea 


Wr<*ti contro! No 

of 

1977 



1978 

period Monltis 

k'/ h.i* incrcMsc 


im lease 






kg/ha* 

No wc'cding 

— 

1 2 . 


211'/ 


April June 


l.'MV- 

10 

4(i9'' 

122 

July S(*ptc*mber 

5 

23.(/' 

89 

:yUV> 

1.3‘) 

OctobcT— Decemh(‘r 


1 2 . 3^ 

0 

209'’'/ 

27 

January March 

3 

12.7'- 

1 

232''/ 

19 

April Septernlx'r 

is 


193 

93~3'* 

3.3.3 

Oc tober - March 

(i 

12.7^ 

1 

33<E 

Ibl 

April March 

12 

34.9'‘ 

179 

92.T‘ 

349 


* Yirlft fif.Turrs within a coluniri (ollowcel hv tile* same* le-llrr arc 
not significantly (fifTcn'nt at the* .3% le-vcl. 


When weeds were controlled betweem April and Sep- 
tember, weed dry matter accumulation and nitrogen 
removal by them in the following six months (October- 
March) were only 1,890 kg/ha and 34 kg/ha rcspia'tively 
(Table 3.13). Weed control for all 12 months (April 
to March) was of no benefit over weed control for six 
months from April to September. 


Table 3.13. Amount of loeed dry m ilter ae 'urvilated in various fieriods of 
the year [Afiril J977 to Mirc'i 1978) and nitrogen rernovi! 

VVeccl infestation Duration Dry noltcr of Nitrogen 

period (nionths) weciJs (kg/ha) re.niova) 

_ _ ' (kg/ha) 

,\pril Sep(e:n!)er (> 

Oetoher Mart h h 

January .September 9 

April Deeeniher 9 

July March 9 

(Jetober - J lint* 9 


It is, therefore, suggested that weed eontrol during 
the critical period of April to September is essential for 
thc! management of young tea. 

Chemical weed control in nursery 

In field trial of last year (Annual Re|)ort 197()-77), 
the new herbicides oxidia/on, basalin, alaehlor, and 
bntaehlor sliowc’d promise*. This yc*ar, an c*xpcrim(*nt 
with split ])lot ch'sign was coiidnelc'd. As maiti treat- 
ments, herbicide's were ap|)lied to soil alone (at 2 kg/ha*) 
or in c'ombiua I ion (at 1 kg/ha) with simazinc' 
(1 kg/ha) 1.3 days befotc* planting I’V 18 cuttings. 
'The* llu'c'c sub Irc'atnK'uts vvc-ic*: (i) no further 
herbicide* applica ( i( >u. (ii) alaehlor ajiplication at 2 
kg/ha as cmiilsiliablc couc(*n(ra(c (ITJ and (iii) 
alac hlor at 2 kg/ha as gra miles. Sub lr('almcuis w<*r(* 
<ipplic*d .'Tl montlis af(<*r thc* main tn’ainic'nis vvc'k* bc‘giin. 

'The* data iudicalt'd good control by oxidia/on, liasa- 
lin and sima/.im* of mixed wci'ds doininatcxl by Borrnia 
hispifld for npto aj montlis. Tank mixing basalin or 
oxidia/on (1 kg/ha) with sima/.im* (1 kg/ha) gave! 83 
to 88 per c'c*nt \V(*(‘d control for .'>4 months. Th(*a‘ two 
new herbicides had no adverse* cllc*cl on c;dlus formation, 
rooting of thi* cuttings, and sluiot growth of (cm. 

Table .3. 14. hdfeet of granular aftfliialion of alaehlor to \oil on :ve:d eontrol 
in elonal nursery 


Ala< hlor 

Rale 

\\3'i‘d (ontrol (',’()) 

(lays after 

lormulal ion 

(kg/ha) 

ai:)[)lical ion 

13 

105 

Non(' 


18 

10 

Kmulsi. (’onc('n. 

2 . 0 

80 

02 

( h anuh'S 

2 . ( ) 

8(i 

00 


* Ratr.s of all hc-rhic iclcs cli.sc'u.ssc'd in lliis Rc|)()rt arc c\|)rcsscd as 
kilograms aclivc' iugrcdicait pc'r hectare' and abbrcvialcil as kg/ha. 

Regarding sub treatments, there was no dilferenco in 
the effect of ITl and granular formulations of alaehlor 
on the weculs pr{*sent; lh(*y had 80 to 8() per cent and 
62 to 66 per cent weed c.ontrol 43 days and 103 days 
after their apj)lleation ( Table 3.14). T'nrther research 
on thc* effects of granular formulation of herbicides is in 
progre.ss. 

CONTROL OF INDIVIDUAL WEEDS 
1. Imperata cylindrica and Paspalum conjuga- 

tum ; The experiment (No. 4/76) initiated in May 
1976 ill an unshaded six-year cjld tea severealy infested 


8,100 

131 

1,890 

34 

10,201) 

180 

9,o()r) 

1()3 

4,020 

72 

2,320 

13 



Annual Scientific Repori For 1977-78 


23 


with Imperala (70''(,) and Paspalurn (20%), has h(!cn 
coiiliiiued in 1977 also. As in 1970, the mechanical 
treatments {cheelinii <\n([ forkhoein^) and herbicide treat- 
ments were applied three times in the year. 


Tabic 3.15. Kljert nf larious herhuid's on l/ie tnulrol of f ield infcstalion 
of Imperala eylnidrica and Paspaluin t o/iju^afmn and yield 
of tea 



Ibrbi- 

We«'d 

rontrul 

Yi<l<l 

o/ 

IVeattnent 

ei(U' 


%), 

Made inereaase 


Kale 

impera 

i* a Spa- 

tea 



I)er 

la 

in in 

(kKgha) 



applic. 






(kgiha) 





Xo vNecd r'onliol 


0 

0 

873 


Cheeliiii; (d) 


33 

70 

lO/b 

23 

l’(»rk hni in <4 {'.’») 


18 

80 

tll8 

2t{ 

Dalnpon {2)\ 

;{.i) 

()0 

■13 

1 1 32 

i>2 

LM-l) (1) 

O.H 





lkna(|uat (2); 

0.3 

32 

23 

1000 

2() 

2.1-1) (1) 

().}{ 





1 talapon ( 1 ) ; 

3.0 

(.") 

10 

1188 

3() 

Farapiiat ( 1 ) : 

0.3 





2,1 1) (1) 

O.tt 





(ilyplu»sale (3) 

0.1 

03 

83 

1373 

80 

(, dypliosale ( 1 ) ; 

0. 1 

00 

/ ) 

1)1'; 

77 

2,1-1) (2) 

0.8 





Niimbei' in parenthesis indicates th(' i 

im:nl> '!• n 

1 ajiplical ions 

of ihe 

licaUiient in tlie 

year. 





Glyphosate 

was sigiiifKanlK 

siipio'ior to all 

otlier 


trc'atmcMits in ('ontrolliin; Imperala and l*aspalum ('lVd)le 
d he cdcct oldalapoii a|)phed twice' was at j)ar 
with dalapon once' initially Ibllowe'd by pai'aqnal. Ke- 
p('at a|)|)licati()n ol^araepia t was only |)artially edective. 

( )n Imperala^ lorkhoe iiiLi, (48'\, ) was supt'rinr to (hcelnia 
f'hV’o)' while on l*aspalum both tretUiiK'iits showe'd simi- 
lar edect. 

2. Borreria hispida I In one trial, ^lypltosale and 

2.4- 1) (sotiium salt), we're' apjdie'el alone* and in e'ombi- 
nalion, on a ve'ry sewe-re'ly iide'ste'el lu-ar-inature ^re)Wlli 
ed llorre'ria. (»lyj)hosaie' liael little clleet at 0.2 and 
0.4 k<jj/ha. 2,4-J) she)wed very u[ood edect at 0.8 k.^/lia 
while it had a m xleraie- edlcct at 0.4 k^/ha. In a tank 
mi.\, 0.2 anel 0.4 ki^/ha ofglyphosate, howeve*r, markt'dly 
e'nhance'el the edee t esf the leiwe-r rate' (0.4 k{j;^/lia) ed'2,4-1) 
indicatinuj a possible synergistic interaction between 
these herbicides. This synergism was also evident at 
the' higher rale of 2,4-1), but e)nly Ibr 2 wee'ks. 'I’he're' 
was, however, no dide*rence in the dual we-e el ce)ntre>l 
edie acy be'tween 0.8 kg/ha 2,4-1) applied alone or in 
tank mix with glyphosate. 

In another trial 2,4-0 (sodium salt at 0.8 kg/ha and 
dimelhylamine salt at 0.5 kg/ha) and paraquat (0.2 and 
0.3 kg/ha) we re ap|)lied alone and in ce)inbinatie)n at 
postemergcnce on a near-mature severe Borreria infes- 
tation. The data ('I’able 3.16) indicated that para- 
quat (Gramoxone) alone was only partially edective. 

2.4- D, applied as sodium salt (Fernoxone) or dimethy- 
lamine salt (Weedar 96) was very edective. Tank 
mixing of paraquat ru'ither improved nor reduced the 
edect of 2,4-D. When paraquat was applied, it scorched 


only a small portion of the foliage, leaving a substantial 
leaf area for normal absorption of 2,4-D. Being a trans- 
located herbicide, 2,4-D is readily absorbed and trans- 
located within the plant. 

Table 3.16. fljfi t of 2,'f-D applied alone an I in combination with para- 
quat on the control of Borreria liifida 

Wi'cd control 

ll(‘rl>ici<.l(’ Rate Weeks alter sjjraying 



(kg/ha) 

1 

2 

3 

5 

.None 


0 

0 

0 

0 

2, 1-1) sodium .salt 

0.8 

32 

47 

00 

100 

2, 1-1 ) amiiK' salt 

0.5 

33 

55 

10!) 

100 

(W.'edar Oti) 






I’aratpial 

0.3 

22 

10 

18 

13 

2,1-1) sodium salt 

0.8 

38 

72 

02 

100 

l*,Maf|uat 

1- 0.3 





2.11) amine sail 

0.5 





P P.'irat|nal 

1 0.3 

35 

55 

88 

10!) 


These la sults suggest that when only l)roadleaf weeds • 
ar(' to be controlled, 2,1-D aloiu' will lx* ath'quale. But 
wlu'ti 2,4-1) paraqtiat mixture is applied on a mixed 
weed population, 2,4-1) kids Borreria, and other ])ara- 
(juat-tolerant broadleaf wet'ds, and paratpiat controls 
grasses and a lew l.)roadl('af wta'ds. 

3. Setaria palmifolia : As in F)76, the pot trials 
conducti'd this yt'ar also showed that glyphosate was 
llu' most ede('tive of all the herbicides tested and that 
glyphosate and 2,4-D intt'racted sym'rgisiically residting 
in the enhanct'ment of glypliosate activity. 

Last y('ar, tlu' ('llec t of [)ara(|ual was foimd 
enhanced when 2,4-D (0.8 kg/ha) was lank mixt'd (Ann- 
ual R('poi t lf)7G-77). This yt'ar’s data conlirrned this 
linding |)arti('ularly at 0.2 kg/ha of paraquat. 2,4-D 
had no edect. Similarly, addition of Triton AF (a 
surlaciant) at 0.06",, inq^rovc'd the activity ol' [)ara(|uat 
j^arlieularly at the low rate of 0.2 kg/ha. It is possible 
that 2,'1-D and Triton AT^ an: enhancing the penetra- 
tion of j)araquat into the foliage if Selaria, resulting in 
greater ('Ifect. "This work is being [)uisued further. 

4’he edect of tank mixing of glyphosate and |)araquat 
was also studit'd on Setaria. When the mixture was 
appli('d, tin* toxicity symptoms, (rapid desiccation, 
scoia'hing ot the loliage, (piiik ra'growth, etc.) were typi- 
cal of paraquat applied aloiu' (T.d)le !T17). Wlu'a 
glyphosat(' (0.4 kg/ha) was af)j)lied alone it had ('ividi- 

Table 3.17. Piffet of paraquat and j^lyphouite applied alone and in rornbi- 
nalion on Setaria palmifolia 

Weed control 

Herbicide R;ile Weeks after apjdic ati(xi 



(kg/ha) 

1 

2 

6 

None 


0 

0 

0 

Paragual 

0.2 

47 

27 

12 

Paraquat 

0.3 

50 

27 

10 

(ilyphosale 
( Jlyphosate 

0.4 

88 

90 

95 

1 paraquat 

0.2 

63 

33 

18 

Cilyphosate 

0.4 




1 p.araquat 

0.3 

60 

36 

20 
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catcd the weed e(>rii|)Ietely. 'I’hese results suggest that 
the rajDid contact action of paraquat prevents tlu' normal 
absorption of glypliosaU* by th(‘ roliag(\ 

When MSMA and RH 315 were applied alone they 
showed modt ratc' elfect on Sclarw. How(‘ver, lank 
mixing ol c‘ither ol them (at 1 kg/ha ol MSNIA and 0.75 
of Rll-315) with paraquat (0.15 kg/ha), resulted in 
gHTiter residual activity (if the later, f’urther rest*arch 
in this area is uruhaway. 

Effect of herbicide regimes on the yield of tea 

'Three held trials were conducted to study the elfect 
of various herbicide regimes on wiaxl c'ontrol and yield 
of tea. 

1. In the experiment (N(^. 4/70) on the control ol 
Iwperala and Paspalum in six-year old maturi' lea dis- 
cussed earlier, gia'cn leaf was plucked for 13 weeks be- 
tween S(‘pttanl)er and November 197(>, and during the 
entire plucking season (March-Novaanber) in 1977. 

Glyphosate which controlled Impcrala and Paspalum 
very (‘ifea tively, iiureased the yield by 50 per cent in 
1976 and about HO per cent in 1977 ( Table* 3.15). Dala- 
pon, pararptal, and dalapon followed by |)ara(|uat (se- 
quential) treatments also increased the yield by 17 
to 28 j)er cent in 1976 and 26 to 36 per cent in 1977. 
Cheeting was as effective as forkhoeing. 

2. In another trial (No. 1/77) in seven-year old tea 
infested mostly by perennial grasses, glyphosate was 
applied in end April as [)Ostemergence at 0.4, 0.8, and 
1.6 kg/ha. Since control of ptaaamial grasses, parti- 
cularly Jmpfrala, results in Borreria inleslation, giy|)ho- 
sate (0.4 kg/ha) application was followed, alter om; 
month, by soil-activ(‘ herbicides sitcli as simazinc, diu- 
ron, and atrazine, at 2 kg/ha. In another treatment, 
glypltosate (0.4 kg/lia) was repeated once after one month. 

Application of glyphosate initially and followed (after 
one month) by simazimg diuron, or atrazine gave (‘xcc- 
llent control of Borreria and also resulted in much better 
control of Paspalum. Diuron-paraquat-'Tec pol mixture 
was moderat(4y elfective, while MSMA showed better 
control of only Paspalum. Data on yield of tea showed 
no significant dilfercnce among the treatments. How- 
ever, all weed control treatments increased the yield 
by 114 to 124 per cent. 

3. In yet another experiment (No, 2/77) 2 kg/ha each 
of simazinc, diuron, alachlor, and butachlor and 1 kg 

I I kg/ha of simazinc | alachlor simazinc | butachlor, 
diuron | alachlor, and diuron { butachlor were appli- 
ed in April at prcemcrgencc after cheeling in a seven- 
year old clonal tea. In treitmcnts where herbicides 
were applied alone, followup wtx*d control was done 
by cheeling in end June. 

AH treatments had only a moderate control of Irnperala 
(40 to 50 per cent), and this effect lasted for only three 


months. Although there were no significant diff(‘renc(!s 
in yield among tlu* treatments even this moderate 
degree of weed control resulted in an yield increase of 
12 to 21 per (xmt. (Uieeling three times in the year 
increas(‘d the yield by I 1 per cent. 


Allelopathic effect of Imperata cylindrica 

'Two pot trials were conducted to study the effect of 
Irnperala on the germination and enuagence of oth(*r 
weed species. Rhizomes of Irnperala were placaxl on 
toj) of the soil or 8 cm below soil surface. In another 
treatment, extract ol 100 g rhiz(3mes w;ts applied in the 
Ixyginning and again after one month. TIk^sc tlire(! 
treatments were compart'd witli a control whert' no 
rhizome material or extract was usecl. 

Placement of rhizomes either on toj) of the soil or 
below soil surfact' inhibited the (‘mergence of Borreria 
hispida aft(‘r six weeks ( Tahh* 3.18). 'This elfect ol Im- 
perala whit h is allt'lopathic in nature, was not t'vident 


Table 3.18. l-.fla t of Inifniata cYlindricn on the ^t rniinntiou of other jveed 
.\fn< ie.\ 


l*Ia< ciiK Ml ol 
imfh’tiiln 

rlii/omes in soil 


8 ( 111 (Iccj) 

.Soil suiTai t“ 

None l)iu rhi/oiii • 
cxlracl a[);)li(*(l (twit(‘) to 
soil 

Noni' (( onU’ol) 


Stand roiinis of weed species 


2 VVci 

rks 

() \V( 

•rks 

1.3 \v< 

■rks 

n* 

D* 

8 

1) 

8 

D 

11) 

(i 

18 

4 

7 

(i 

‘18 

(i 

21 

.3 

8 

1 1 

\H 

7 

40 

4 

42 

12 

41 

,'■) 

38 

li 

43 

n 


*“IV’ stands lor liorrcrin hisftidn and 
“1)*’ r>r Diiiitfoin uinauinalis. 


when rhizome extrat l was used. Alh'lopathy is eaused 
by exudation of certain chemical substanct's or toxins 
which inhibit the germination and/or growth of other 
weed sj)eeies. 'Tht'se toxins are exuded by th(‘ rhizomes 
or roots or botli. 'The fact that inhiljitory elh'cts were 
seen long after planting rhizonu's (six weeks) did indi- 
cate that roots arising from the rhizomes are ap|)arenllv 
th(^ source of these toxins. 


Weed seed population and periodicity of weed 
seed germination. 

In order to study the periodicity of weed germination, 
a pot trial was undertaken by using the soil of four loca- 
tions in Borbhetta. The top .soil was either disturbed 
(stirred) every month or left undisturbed during the 
entire period of study (May to October). 

Weed population dilTcred with the location of the 
soil. In all soils, Borreria was the major weed followed 
by Cyperus pilosus and Digitaria sanguinalis ( Table 3.19)^ 
Weed population under undistrubed soil conditions 
remained static all through the experimental period. 
Stirring of top soil every month always resulted in fresh 
germination of Borreria and Cyperus. I'hese results sugg- 
est that mechanical stirring of the soil is very conducive 
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lo Iresh weed germination and weed growth, and hence 
soil disturbance should be avoided as far as practicable. 

Table 3.19. Weed seed fiermination as alf ected by dishubaru e of soil surface* 

No. ol .scrxllingN/pof 

Undistiirljcd Disliirhcd soil 

Weed spt‘(' <’s soil (Maxirninn 

No. ol serd- Weeks after be^innint^ 
lings emerirrd) 3 B 11 13 20 Total 

Borreria Hispida 7(> 80 34 33 2b 20 213 

Cyperus s{). 3 3 () ti 4 3 22 

Digitaria sanguinalis 10 4 2 2 11 10 

* 1 hi“ data repi (‘sent the mean v^alues ol soils IVoin four locations. 

Slow-release formulation of 2,4-D and dalapon 

Field studies were conducted to determine the edicacy 
of slow-release formulation and the normal wettable 
powder foundation of 2,4-D and dalapon (of National 
Chemical Laboratory, Poona) on Borreria and Imp^rala 
respectively. 'They were applied on soil at 8 and 12 
kg/ha (total product) after cheeling the ground. 


rh(‘ p(a'ft)rmancc of the slow-release formulation of 

2.4- D and dalapon was not very encouraging. Further 
tests will be conducted at much higher rates. 

Check Testing 

Fhe 2,4-D sodium salt fornulation of Parirnal Organic 
Chemicals Limited, Bombay was check trested during 
the year and it received certiliealion of approval for 
use in tea. 

'Three new polyamine formulations of 2,4-D of India 
Carbon Ltd. have been check tested at 0.4 and 0.8 kg/ha. 
Their elfects on Borreria were comparable with those of 
the standard sodium salt and dimethylarnine salt of 

2.4- D. These tests will be continued n(’xt year also. 

Quality testing of herbicides 

Fourt(!en samples of 2,4-D, dalapon, paraquat and 
diiiron trade* Ibrmulations received from 10 estates were . 
tested for quality. One out of two (jramoxone sam- 
ples and one out of eight 2,4-D sodium salt samples 
were substandard. All the others were normal. 
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Efficiency of use of urea nitrogen ivas found to be about 30 
per cent at all levels and methods of application. Selective mea^ 
surement of aluminimn and iron phosphates should be a reliable 
index for assessment of potentially available phosphate in acid 
lea soils. Higher levels of potash manuring economises water 
use by reducing evnpotranspi rational losses. AppUcalion of 
phosphate depressed zinc uptake by young lea grown in sand 
culture medium with nutrient solution. 

Absorption of zinc by young tea from foliar and soil applied 
zinc sulphate was completed within 24 hours and three iveeks 
re. spec lively. As far as uptake is concerned foliar zinc was 
at least ten limes more effective than soil applied zinc. More 
zinc was ab.sorped by different plant fractions from the 
chelated source as compared to the non-chelafed one. 

yin uniform method of sampling for different nutrients in 
leaf analysis may not be possible in view of variations due to 
gcneticfll differences, leaf position, plant organs and hours of 
sampling. 

By laying out sub-soil pipe drains at a depth of 15)0 cm ins- 
tead of the conventional open drains of 75 cm depth, ground 
water table could be successfully controlled. During peak 
mon.won pi nods, ground umter fable under .system of deeper 
sub-soil drains was lower by a meter as compared to .shallow 
open drains; its utility on crop yield is now under investigation. 
In area with restricted outfall, pump drainage system was found 
to he useful and economic. 1 entative design criteria of sub-.soil 
pipe drainage .system for Dooar.s and yi.s.sam have been computed 
for trying out at estate level. 


STUDIES ON NITROGEN NU ERt l ION 

Leaching loss and recovery of urea nitrogen 

This experiment, which was started in Af)ril, 1976, 
has been completed now. I’lie object of the experiment 
was to compare the effects of simple and split applica- 
tion of urea on leachinj^ loss of applied nitroi^en, 
total nitro}:i;en uptake by plants and changes in soil 
nitrogen status. Similar investigations with ammoni- 
um sulphate were reported earlier (c.f. Annual Scienti- 
fic Report, 197T75, P. 24). 

'The experiment was carried out in i)ots under gla.ss- 
house conditions using sandy loam soil and eighteen 
months old 'I’Vl plants. A basal dressing of phosphate, 
potash, zinc and magnesium was given at the rates of 
40 kg P/) 8 , 80 kg KjO, 20 kg ZnSO^ and 20 kg MgS 04 
per hectare respectively. 


Nitrogen treatments were : 

'fj No nitrogen. 

'Ig 100 kg N/ha in 5 split applications (364 rng N/ 
plant). 

T 3 100 kg N/ha in one application (364 mg N/ 
plant). 

T 4 200 kg N/ha in 6 ve applications (728 mg N/ 
plant). 

'f r, 200 kg N/ha in one applu'ation ( -do-) . 

There w<’re twenty rc'plications of each tr('atinent in a 
randomised block d(‘sign, out of which (bur replicates 
were harvested every five months to estimate the total 
nitrogen n|)take by the plants. Plants were subjected 
to 1 .'”) cm ralidall every month and h'achates were collec- 
ted for estimating monthly loss of ap})lied nitrogen in 
the form of nitrate and aininoiiia. Ghanges in soil 
nitrog(‘n status, as a rt'sult of tin* given treatnu'nis were 
also followed at five monthly intervals. Results of ana- 
lysis at tlu‘ end of twentylive months are givcm in 'falilc 
401 

Table 4.01 . /i//rrf of nOrooon treafiurtils on nUroi^cn ttfyhiko, leachin‘> los.s 
of nitrogen and soil nitrogen .\tatus after tioentyftve 

months 


rreaimenl 

X uotake 

hearhing lo.ss 

Soil .N 

(mg N/|)lanl 

(in*g/[)hmt 

(mg N /plant- 

(ni'^/idant- 

pot) 

l)ot) 

pot) 

pol) 

Control 

•12!). 1 

22(i.2 

7068.0 

3()t mg in 5 splits 
;tt>4 mg in otn* 

514.6 

3(i9.7 

7 1 36 . 0 

;ip|)li('al ion 

536.5 

'107.5 

720 t.O 

728 mg in 5 splits 
728 ing in one 

(;i7.2 

486.3 

7. '52.0 

application 

635.7 

530.5 

7311.0 

Lev<*l of signifu aiK-e 

at P<r 0.001 

0.001 Not .significant 

ChV. % 

(i.2 

5.5 

6.2 

C.l). at 5% 

21.83 

14.09 

— 


Erom table 4 01 it is seen that total nitrogen uptake 
by plants and leaching loss of applied nitrogem increased 
progressively with increasing levels of nitrogen applica- 
tion in the form of urea. Total nitrogen content of the 
soil, however, remained unafTected by nitrogen appli- 
cation. This was true for both single and split mcthod.s 
of application of urea nitrogen. 

Variations in total nitrogen uptake by plant, cumu- 
lative leaching loss of applied nitrogen and nitrogen 
content of soils at different periods of harvesting are 
given in Table 4.02. 


Table 4*02. 


V ariation.s of nitrogen uptake, cumulative loss of nitrogen and soil nitrogen at different periods of harvest 


Factors 


Periods of harvesting in months 

— Level of signi- 

Sept.’7(> Feb. ’77 July. ’77 Dec. ’77 May. ’78 C.D. at ficance at P< 

months 10 months 15 months 20 months 25 months 5% 

595.1 542.4 530.7 556.3 538.9 

174.3 338.5 445.8 500.8 553.7 

7116.0 7244.0 7176.0 7196.0 7272.0 


Total nitrogen uptake (mg/plant) 

Cumulative leaching loss of N (mg/plant pot) 
Soil N (mg/plant pot) 


21.83 

14.09 


0.001 

O.OOl 

Not signifincat 
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From Tabic 4*02 it is seen that total nitrogen uptake 
by plants was highest during the first harvest after live 
months. During subscciucnt harvests nitrogen uptake 
differed very little with tlic exception of December ’77 
.sampling which was slightly higher than at other 
periods. Cumulative leaching losses of nitrogen, when 
expressed as percentage of the total loss (i.e. May ’78 
data), were found to be aljout 31,61, 80 and 90 per cents 
for 1st, 2nd, 3rd and 4th five monthly pcriorls respecti- 
vely. I’hcrc was no significant change in the soil nitro- 
gen status throughout the period of the experiment. 

Effects of single and split nu'thods of nitrogen 
application on the total nitrogen uptake, leaching loss 
of applied nitrogen and soil nitrogen content is shown 
in 1’able 4*03. 


Table 4 03. ElJecl of stni^h' find sfdU nfifiUcalion of nitroficn on nitrosif n 
itfitfde, loss Ilf nilroLii'ii and soil nitrof^iH content 



Method of N 

application 

C.l). at 

Lc\ .4 of 

Factors 

Split 

Sin.ule 

3”() 

sic;nilicancc 
at P 

Total nitrotn n 
u|))akc tiijj/ 
])Iarn 

Tca< hiiii’; loss 
of nitro^fMi 


.^8C.. 1 


\ot si^riilicanl. 

pot 

Soil nitro,i;rn 

'128.0 

1()9.0 

9.90 

0.001 

(iiig/])lant pot 

7194.0 

7271.0 

__ 

Not sii^nificant. 


from table 4.03 it is seen tliat total nitrogen uptake 
by the plants as well as soil nitrogen content did not 
vary between tlie two methods of application of nitrogen. 
I.eaching loss r)l' applied nitrogen was, however, found 
to be lower by 7.5^’(, with split application as companxl 
to single application. 

f’nrthcr, [jcrcentage loss of urea nitrogen at different 
levels of application under both methods, i.e. sjtlit and 
single is shown in 'fable 4.04. 

Table 4 04. / .cad,: no loss and recovery of urea riitroiien at different levels 
and an thuds of nitrogen apfdication 


I'rc 

atincnt 

Leaching loss ot 
applictl N 

Recovery 

ot applied 

V 

KgN/ha 

mg N/ 
plant pot 

Ni t loss 
(mg N/ 
plant pot 

Percent 
Urea N 
lost 

Net reco- 
very (mg 
N/plant 
pot) 

Per cent 
urea N 
recovered 

0 

0 

226.2 



429.4 

— 

100 

364 mg 
in .5 splits 

369.7 

40.0 

542.4 

31.0 

100 

3 ti l m,g in 
one api In. 

407.5 

50.0 

536.5 

30.0 

200 

728 mg in 
5 splits 

486.3 

36.0 

647.2 

30.0 

200 

728 mg in 

one ajjpln. 

530.5 

42.0 

635.7 

29.0 


Leaching loss of urea nitrogen in split application was- 
ten and six per cent less at, 1 00 and 200 kg N/ha levels 
application respectively as compared to single applica- 
tion. However, no interaction between dose and me- 


thod of application was observt!d. Interestingly, loss 
by leaching did not affect N uptake by plants. Reco- 
very of applied nitrogen by the plants did not show any 
significant difference between s{)lil and single applica- 
tion. The efficiency of use of urea nitrogen was found 
to be about 30 per cent at all levels and methods of 
application. 

Nitrate reductase activity 

Nitrate ixxluctase (N.K.) activity of few clones was 
measured to find out whether N.R. activity varies be- 
tween clones or their various cornjxiruuits. N.R. acti- 
vity nu'asnres capacity for reduction ol” nitrate into 
animino acid and proteins and thus may explain the 
possil)le variable clonal response to added nitrogen. 

In this preliminary study, 1 8 month old plants of the 
four clones fVl, rV7, 'fVl2 and rVl8 were used. 
'fV7 is a (-hina clone, rVl2 an Assam, 'fVld a ( kim- 
bod and 'fVl is a multiple hybrid. Standard method 
adopti'd was to treat the cnt-lcaf tissue with ice-cooled 
inliltration medium (j)otassinin nitrate and phosphate 
bnfli r, pH 7.3) and incubate at 33‘’(l in the. dark on a 
shaking machine for one hour. Nitrite formed due to 
reduction of nitrate was estimated l)y absorjitiometry 
at .340 m/i. Re sults an* given in 'fable 4.0.3. 


Table 4 05 Nitrate red.utase activity of different clones and their various 
leaf Ifdfint fractions {mean of three obs rvations) 


Leaf/plant 
frail ions 

(Hones 

FVl 'FV7 

l’V12 

TV18 

Mean 

First leal 

(iOO 

5.50 

1,050 

1,100 

825 

Si'cond li af 

700 

1)00 

1,0.50 

1,050 

8.50 

d'hird leaf 

8.50 

100 

950 

950 

712 

Internode 

1,050 

6.50 

1,1.50 

1,300 

1,038 

lo'eder roots 

1,100 

700 

1,2.50 

950 

1 ,000 

Mean data 

of all fractions 

show 

that c 

lone 'rV7 liad 


the lowest N.R. activity and clone 'fVl2 and 'fVl8 
had the highest N.R. activity. C’.lonc 'fVl occnjiying 
an inteirnedia It* {position. I'hirtlur intensive work is 
required to confirm the usefulness of N.R. activity as a 
factor for explaining variable responses of clones to nitro- 
gen manuring, fhe internodes and feeder roots gene- 
rally had higher N R. activity than the leaves. There 
was virtually no difference between first and second 
leaves, while third leaf was slightly lower in N. R. acti- 
vity with the exception of 'fVl. 

Studies on phosphate nutrition 

Exhaustive cropping trial with Pennisetum pedicellalum 
has been completed. During the period of experiment 
grass was harvested twenty times at monthly intervals. 
At the end of the experiment none of the pots showed 
; -yisible signs of phosphate deficiency, although dry matter 
yield progressively declined. After the thirteenth 
harvest, very little increase in dry matter yield took 
place. Relationship between cumulglivc phosphate 
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uptakt' and period of cropping for difTcrent levels of 
phosphate application is shown in Fig. 4 01. 



PERIOO OF HARVEST N MONTHS 

4-01. ReUitionship between cumulative phosphate up- 
take and periud of cropping of test crop for 
different levels of phosphate application 

From Fig. 4*01 it is seen that the rates of phosphate up- 
take are distinctly different for three periods namely, 
1st to Gth harvest, Gth to 13th harvest and 1 3th to 20th 
harvest. Relationships between cumulative phosphate 
uptake and period of cropping in these three distinct 
phases of growth have been worked out from regressions 
and the uptake rates are given in Fable 4 06. 

Table 4*06. Rate of plw.sf)hate uptake at differ nt periods of harvest of test 
crop 

Ohangf in rale oi phosphate uptake in inonlhly 
harvest 


Data show that phosphate uptake increased almost 
at the same rate at all levels of phosphate application 
in all the three distinct phases of cropping, with the 
exception that during the first six months, P uptake 
was higher at 120 kg PoOj.,/ha application rate. Regre- 
ssion equations for the thr(*e phases of growth at diflerent 
phosphate levels are highly signilicant (P-^ 0.001). 
Similar relationships between phosphate uptake by test 
crop and periods of harvest have also been observed in 
the case of soils from long-ttarn phosphate manurial 
experiments used for exhaustive cropping experiment 
without addition of fresh phosphate. 

R('lationships between cumulative phosy)hate uptake 
by the test crop and rates of application o( phosphate 
in soils of different regions are shown in Fig. 4. 02 (a).. 



RATE OF APPLICATION OF PHOSPHATE KC/ HA 


Treatment 1st to Gth 7th to VMh 14th to 20th 

P 2 O 5 kg/ha (mg/month) (mg/month) (mg/month) 

0 3.G44 2.3% 0.301 

60 3 . 850(0 . 206)* 2 . 708(0 .312)* 0 . 278(0 . —0,023)* 

120 5.138(1.288)* 2.719(0.323)* 0.319(0.018)* 


* ditferenee in rate of uptake between levels ot P 2^^5 application 


Fig 4.02 (a). Relationship between cumulative phosphate 
uptake by tea crop and rates of application 
of phosphate in soils of different regions 

Equations relating to these relationships and their level 
of significance are given in Table 4.07(a). 


Table 4. 07(a). Rei^resswri equations between cumulative phosphate uptake and levels oj phosphate application 


Soil of T.E. 


Soil type 


Regression rcj nation 


Level of significance at 
P < 


Tukvar Darjeeling Sandy loam 

Damdim Western i3ooars Loamy santl 

Chnapara Eastern Dooars Silty loam 

GrcenwofKl South Bank Silly loam 

(iingia North Rank I.oamy sand 

Serisporc Cachar Silly clay loam 

Y - Cumulative phosphate uptake in mg/pot, X 


Y — 1.27 X + 141.65 0.001 

Y - 0.94 X I 123.35 

Y - 1.13 X i 147.20 

Y 0.81 ■ 1 103.37 

Y - 0.27 ' H.l.-'jO N. S. 

Y - 0.89 x ! Il2.ll 0.0)! 

-- Level of phosi)h'Uc application P 2 O 5 kg/lia 


From Fig. 4.02 fa) it is seen that cumulative phosphate 
uptake by the test crop from all the regional soils was 
linearly related to increasing levels of phosphate manu- 
ring in a highly significant way. 'I'he linear relation 
observed at Gingia was not significant. It is also seen 
from the regression coefficients that the rate of change 


of cumulative phosphate uptake per unit change in 
phosphate level did not vary much (0.81 to 1,27) betw- 
een the different regions with the exception of the soil 
fiom Gingia F.E. 

Further, it was observed, at the end of the experiment,, 
that total phosphate uptake by the test crop differed 
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between the gardens located in dificrent regions as is ^ 2^5 uptake from soils under long-term manuring ex* 

evident from figure 4.02(a). It was also confirmed (c.f. periments used for exhaustive cropping with the test 

Ann. Sci. Kept. 1975-76, p. 22-23 and 1976-77, p.21) crop averaged at 2.0 mg per kg of applied PgOg, indi- 

that any of the two measurements of soil available phos- eat ing that residual phosphate from long-term manuring 

phate namely water sohibh* or exchangeable phosphate, was utilised at double the rate as compared to freshly 
can be advantageously employed for prediction of phos- added phosphate fertiliser, (c.f Table 4.07(b).) 
phate uptake by the test crop. 

Relationships between cumulative phosphate uptake 
The average rate of change of P uptake in recently and rates of application of phosphate over long periods 

manured soils worked out to be 1 .0 mg per kg of applied in soils from Borpbhetta field trials are shown in Fig. 

phosphat(' as P20rj. However, the rate of change of 4.2(b). 

Table 4.07(b). Reciression of rurnulaiwe phosphate uptake on levels of phosphate application in lon^-term field experiments at Borbhetta 

Boriihctta field Soil type Lxpf. Past manuring history Regression c‘quation Significance 

trials slarled in level at P< 

H-43 Sandy loam 1930 2-1-1 N-P-K- mi.Kture, IW 5 Y - 2.309 x -f O.OOl 

at flifferent levels 107.764 


11-105 Sandy loam I960 80 kg N/ha 

at different 

Y Cumulative phos|)hale ufitake in ing/pot, ] 



Fig 4 02(b). Relationship between cumulative phosphate 
uptake and rates of application of phosphate over long 
periods in soils cf Borbhetta field trials B. 43 and B. 105 

Effect of exhaustive cropping on different forms 
of soil phosphate 

Soils from the exhaustive cropping trial, which had 
not received phosphate fertiliser in the past (control 
pots), were analysed for dilTcrcnt fractions of phosphate 
at the begining and end of the experiment. 'Fhe pur- 
pose was to evaluate th(! changes, if any, in different 
native fractions of phospha te, as well as to find out which 
fraction was affected most. In general, significant 
decreases were observed in individual inorganic frac- 
tions due to continuous cropping with grass, as shown 
in Tabic 4.08. 

'The utilisation of aluminium phosphate fraction by the 
test crop was on average about four times more than 
that of either iron or calcium phosphate fractions under 
exhaustive cropping. The utilisation of aluminium 


along with P2^^r> “ 1.963 XT 0.001 

Icvrb 219.112 

level <>1 phf)sphalc application F 2 () 5 kg/ha 

phosphate by the test crop from different soils decreased 
in the order South Bank, Dooars, North Bank, Cachar 
and Dar jeeling. 1 1 is of interest to note that from Darjee- 
ling, North Bank and (lachar soils, both aluminium 
and iron phos|)hatc were used up almost in the same 

Table 4.08. Penenlaiie decreases of inorganic forms of native phosphate due 
to continuous cropping over a period of twentyone months 


F lorn IS 

Aluminium 

Iron 

(lalcium 


Regions 

phosf)hat<* 

pht)s[)hat(' 

pho.sphatc 

Total 

Uarjccling 

17 

14 

8 

39 

Hast or n Dooars 

31 

4 

5 

40 

W<*st< rn Dooars 

31 

3 

3 

40 

South Bank 

.51 i 

3 

7 

Gfi 

North Bank 

19 

13 

5 

37 

('iiichar 

19 

10 

(i 

35 

Averagf 

29 

8 

() 

43 

proportion, 

wlit'reas in Dooars and South 

Bank the 

utilisation 0 

f iron phosphate was 

rather insignificant 

as compared 

1 to the 

aluminimii 

phosphate 

: fraction. 

Decrease in 

the level 

of calcium 

[)hosphate 

was low 

and did not 

vary wide 

ly in the so 

ils from th< 

' different 

regions, f’or 

an index 

of availabili 

ily of soils phosphate 

in different 

regional soils, both a 

himininm 

and iron 

phosphates ; 

diould, thi 

crefore, be 

considered 

together. 


S rUDIKS ON FO I ASH NUTRITION 


Influence of potash on water use by young tea 

Layout of this experiment, objectives and some of the 
results were reported last year (c.f. Ann. Sci. Rept., 
1976-77, p. 23-24). 

(a) Effect of potash application on leaf potash 
concentration at different moisture regimes 

Leaf potash concentration increased proportionately 
with the increasing levels of potash application (Table 
4.09) and the relationship was highly significant 
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(P<().01). 'rii(‘ (‘fTcct of soil moisture content on loaf' 
potash was also hi,L(hly si'^nificant (P< 0.01), irrespective 
of the levels of potash ajiplieaticm. 'Fhe moisture X 
potash interaction was also sii^nilicant (P< 0.0.3). At 
higher moisture stress (half field capacity), elicct ol 
potash apj)lication on the eoneentration of h'af potash 
was more pronomu cd tlian at other nioisture negims, 
at IVTj^ K, percentage K,^() in leaf was 1.96 as 
against 1.37 at 

Table 4.09. EJfii t of fiotinh and soil nioislute rniiin:’ on potash concni- 
Irnllon in leaf 


Ki>; ol pol.isli ( oru ciiUatioii (p.i'. on «lry wt. basis) 

K.>()/ha under different niiHslnr<* regimes. 




Ms) 

Ml 



M2 

Moan 


0 

1.37 

1 . tl 



1 . 3 1 

1 

.It 


.30 

1 .11 

1 .40 



1 .00 


.30 


too 

1 . K) 

1 . 3 1 



1 .00 


.30 


1 30 

1 . 34 

1 .(i3 



1 .83 


.()7 


200 

1.73 

1 .80 



1 .00 


.84 

M(‘an 


1.31 

1 . 38 



1 . 73 


— 


c 

:. 1). at P 

0.03, for 

M 

0 

.0(i 







K 

0 

2<) 






MxK 

- 0. 

t3 



Mo 

l«% 

gt;i vimiM t'i( 

inoisluro 

in 

;oil 

(lirld ( 

apacity) 


Ml 

14% 

graviiiKiric 

inoisluri* 

in s 

oil ( 

pO OcUl rapac 

ity). 

M2 

9% grilvirnctric 

iioisliirr in soil (fii{4'l (' 

a pa oily). 



(b) Evapotranspirational loss as influenced by 
potash at diflerent moisture levels 

The main effect ol [lotash on the evapo transpirational 
losses (E/r. loss) was found to he highly significant 
(P< 0.01). As the levels ofpotash afiplicat irn incri'ased 
the E.'r. loss gratlually deeri'ased ('I’abb' 1.10). TiuTe 
was, howevT'r, no significant difference in the eflect of 
potash on the I'i.d'. loss between the levi ls 30 and 100 
kg KoO per hectare ajiplit alion rates. liva|)o-transp- 
irational losses, as <'X[)eet('d, decreased jirogressivc'ly in 
a significant way (P<().01) witli gradual decrease in 
soil moisture content. The interae fion betwee n the 
eirccts of potash and moisture was n<;t, however, statist- 
ically significant. 

Table 4.10. Eflect of l>of(i.sh and soil nioisture leoinie on enapotrans- 
pirational loss during the experiment. 

Kg of K. r. Idss, gni/()ot under (liHerent inoislure 

✓'V /t. ^ • Ik M 


KgO/ha 

MO 

regiinrs 

Ml 

M2 

Mean 

0 

8300 

7077 

0183 

7223 

30 

7022 

0812 

3338 

0704 

UK) 

7(i37 

0()23 

3323 

0330 

150 

70.30 

3009 

4937 

3998 

200 

03.38 

332}{ 

3497 

3394 


C. D. at P - 

0.0.3, For M 

- 300 



K - 378 


(c/ Water use efficiency as influenced by potash 
at difBferent moisture levels 

Water use efficiency is the ratio of dry matter yield 
(total d.m.) to amount of water used by the plant during 
the period of its growth (total E.T. loss). 


Results in fable 4.11 show that water use efficiency 
increased progressively in a significant way with in- 
creasing levels of potash application (P< 0.001). 
This is true at all the three moisture regimes, 'fhe 
interaetioii lietwecn moisture and potash on water use 
elfieiency was also highly significant (P <0.01). The 
water use eilicieiicy under treatment M3K^(4field capa- 
city and 200 kg K^O/ha) was found to be almost tlirce 
times higher th.in und(‘r treatment MqKq (held 
capacity and no potash). 

Table 4.11. Effect ofpotash and soil moisture content on inter use efficiency 



VVat(‘r ns( 

‘ clOcirncy, 

gin/inl X 10“* 


of K..() 


— 

- 

Mian 


MO 

Ml 

M2 


0 

19 

23 

29 

24 

.30 

23 

27 

30 

29 

100 

23 

29 

11 

31 

1.30 

27 

33 

If) 

3(') 

200 

2>3 

It 

33 

44 

an 

23 

3:» 

42 

- 

( 

D. at P 

0,03, Por 

M 3 



K - 7 

I'm M <K -- 1 


((ft Water use economy 

f'igur(‘ -1.03 shows th(‘ rclalionsliip h(‘twecn(liy matter 
yield and l^.'f. loss at various l<'vels of potash appli- 
cation namidy, 0, 100 and 200 kg K,, ()/lia. 



Fig 4 .03. Relationjshlp between dry matter yield and E.T. 
loss at various levels of potash application 

From the figure it is seen that, irrespective of the 
levels of potash application, a linear negative relation 
exists lielween dry matter yield and E.'f. loss. 

The regression equations and their level of significance 
arc shown below : 

Potash Regression Diff. in r 

level Equation ‘b’ 

value 

Control Y-14144.29-403.57X — -0.5219^ 

lOOkgK^O/ ha Y=-13426.10-351.25X 52.3 -0.7r29** 
200 „ „ Y-12750.20-305.08X 98.5 -0.7137** 
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From tlu: ‘b’ values ortho above equations (underlined) 
i.e., the rate of change of E.T. loss per unit dry matter 
yield, it is seen that as the rate of application of potash 
is increased from 0-200 kg K.^O/ha, the rate of E.1'. 
loss per unit dry matter yield decreased. (Compared to 
no f)olash treatmtait, lOO and 200 kg K.^Ojhn application 
rates resulted respectively in 52.3 and 98.5 ml less water 
consumption per unit dry matter formation. 


Table 4.12. Mean (iofi^r,tial buffer capacity [P.B.C.) of regional soils, 
in m eqj i 00 g soils 

Kegion i>. IT C. of soil 

North Ihink 
.Sooth Hank 
(kirhar 
I )« »< >ars 
Daijceliiig 

Mean 


2.21 
2.22 
1 .}{f) 
I . IHJ 
2.29 


Capacity-intensity relationship of soil potassium 

Studies on potassium adsor|)tion Lsotherm (as reported 
last year) have l)ccn ccntimied further, where a large 
miml)(‘r of soils from dilh'rent tea growing regions of 
North F.ast India \v(‘re used. 'The adsorption isotherms 
oj'all the soils so i'ar examined werr almost idential. 'I’ht* 
general nature ol' potassium adsorption isotherm of 
North East India tea soils is shown in Idg. 4.04. 



Fig 4.04. Potassium absorpion isotherm of North 
East India tea soils 


f'rom f’ig. 4.04, it is seen that instaiUaneously available 
(1) and [potentially available ((,)) potassium are linearly 
correlated in a highly signiheant way (P< 0.001) 
Frotu the nature of the adsoription isotherm it ean be 
concluded that tea soils gc’m'rally have low fixation 
capacity for added potassium. Further, in these soils 
release of added potassium is fast, since immediately 
available potassium changes in direct proportion to 
potentially available [)Otassium. It can, therefore, be 
inf(‘rred that the olpserved variable K response in diffe- 
rent tea growing regions of North East India is not due 
to any difference in K fixation/release capacity of the 
soils, but is linked with variable exchangeable K status 
(capacity) of these soils. 

Further, there was little variation in tlic potential 
buffer capacity (P.B.C.) i.e., .slope of the adsorption 

isotherm, of these soils as can be seen from Table 4.12. 

These results confirm that potassium relea.se/fixation 
capacity of different tea soils of N.E. India is of the same 
pattern. Hence any difference in potash response 


b(Uwe(‘ii different soils may be attributed to differences 
in exchangeable (potentially available) potassium con- 
tent nr I her than dilfcrcnccs in K exchange capacity. 

Sl’UDIES ON ZINO nufruion 

Correlation studies between available zinc and 
other soil factors 

Eai'ge number of soil samples from diff(‘rent regions 
ol North f)ast India have braai analysed for pll, organic 
matter, liner fractions like silt and clay, available phos- 
phate and availal)le zinc contents with an aim to find 
out the influeu('(‘ of above mentioned factors on the 
avail. d)ility of native zinc. Data ai{‘ now being pro- 
(cssi'd for mnltij)le correlation analysis in computer. 
'Fh(‘ (h'tails of th(‘s(‘ soils arc .as follows : 


Region Nund}c‘r of Number of 

('stat('s seil sam- 

ples 


. South Bank ol Brahma- 

puir.'i 

35 

105* 

. North Bank of Brahma- 

piilra 

31- 

102* 

. ( lacltar district 

20 

()0* 

. D.'u je<4ing district 

20 

240** 

. Dooars N. 4\*i ai 

36 

ion* 

L*stat(‘ <3 depths, **esta.t(!X2 

as[)ects X 

3 elevat- 


ions 2 depths. 

Studies on the interaction of zinc and phosphate 

An experiment was conducted in sand culture medi- 
um under glasshouse conditions to find out the po.ssible 
intcr'.action of zinc and yrhosjrhate on the uptake of both 
nutrients. Cllonal ('fVl) yrlants were grown in sand 
culture for a period of four months and then supplied 
with Hewitt’s nutrient solution af quarter strength minus 
zinc and phosphate. pH of the medium was kept at 
3.5. Zinc was sujjplicd at levels 0. 16 (Znl), 0.033 (Zn2), 
0.066 (Zn3) ppm and phosphate was supplied at levels 
10.0 (PI), 20.0(P2) and 30.0 (P3) ppm, twice weekly 
for a period of six months from June to November, 1977. 
There were five replications for each treatment. The 
above concentrations of Zn and P correspond toj, ^and 
full strengths of Zn and P in Hewitt’s solution. Plants 
were harvested one month after the Zn and P treatments 
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were completed and analysed for concentration of Zinc 
in leaf. Results arc given in Table 4.13. 

Table 4.13, Injjuence of varying levels of Zn and P supply in Hewitt's 
solution on the dne content {ppm) of leaf 


\ Zn 

P \ 

Znj 

y.i\2 

An 2 

Mean 

PI 

92.88 

118.()4 

122.08 

110. .53 

P2 

44.52 

49.84 

78.18 

57.44 

P3 

24.88 

28.78 

47.04 

33.49 

Mean 

54.03 

85.01 

82.43 

___ 


C. at lor Zn and I* 11 .06 


From table 4.13 it is seen that concentration of zinc 
in leaf increasc'd significantly (P< 0.001) with increas- 
ing levels of zinc application; whereas with increasing 
supply of phosphate, zinc concentration in leal decreased 
significantly (P< 0.001). Phosphate x Zinc interaction 
• was, however, Ibund to be non-significant. 



upto 1.5 kg ZnS04 per hectare and, thereafter, the rale 
of absor|)iion declined. 


ZINC Uri AKE BY YOUNG TEA 

(i) FoHsir application of zinc sulphate 

f’or this cxf)eriment one year old I'Vl sl<*eve grown 
plants were used. Zinc was applied a.s zinc sulphate at 
rates 0,0.5, 1.0, 1.5 and 2.0 kg zinc sulphate per hectare. 
After spraying of zinc sulphate, plants were harvested 
at intervals of 4, 8, 24 and 32 hours. Plants were fract- 
ionated into leaf, stem and root and <‘ach was analysed 
seperately for zinc content. Results are shown in I'igs. 
4.05 and 4.06, 


(ii) Soil application of zinc sulphate 

As in foliar experiineni reported al)ove one year old 
sleeve grown 4’Vl plants were treated with zinc sul- 
phate' at live levels, 0, 5, 10, 15 and 20 kg Zn^Oj^f 
ha. Zinc sulphate was applied in solution form on soil 
surface and watered. Plants were harvested at inter- 
vals of 7, 14, 21 and 28 days and analysed for Zn content 
in the same way as that of Ibliar application. Results 
are shown in Figs. 4.07 and 4.08, 


z 



Fig 4.03. Rate of absorption of 2 inc from foliar applied 
zinc sulphate 

Figure 4.05 shows that under any one level of applica- 
tion, roots contained more zinc than leaf or stern, the 
order of adsorption being root > stern > leaf On an 
average, about 36 per cent more zinc was absorped in 
roots and 20 per cent more in stems as corn})ared to lea- 
ves. Absorption of zinc by various plant parts was 
almost completed within 24 hrs., of which maximum 
absorption took place during the first eight hours. 

Figure 4.06 shows that zinc concentration of all the 
plant parts increased with increasing levels of applica- 
tion of zinc sulphate. Absorption of zinc was linear 



Fig 4.07. Absorption of zinc from soil applied zinc 
sulphate 


Fig. 4.07 shows that when zinc application was done 
thr ugh soil then also root contained moi'e zinc than 
1 ca^ or stem, the order of absorption being root > stern 
>leaf Absorption from soil applied zinc was comple 
ted within a period of three weeks. 

Figure 4.08 shows that zinc content of all the plant 
parts increased with increasing levels of application of 
zinc sulphate. Leaf and root showed linear increase 
upto 20 kg ZnSOi per hectare. 
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Fig 4.08. Absorption of zinc at varying levels of soil 
applied zinc sulphate 

From a comparison of foliar and soil application of 
zinc as shown in Fig. 4.09 it is seen that foliar application 
at a much lower rate (at least one-tenth) was as effective 
as higher rates of soil application from the point of view 
of uptake. 


KG/HA ZINC SUIPHATC APPLtCO 



Fig 4,09. Gonaparison of absorption of Zn by plant from 
foliar and soil applied zinc snlphate 


(iii) Forms of zinc and uptake 

As in foliar experiment reported under (i), one year 
old sleeve grown 'FVl plants were treated with chelated 
and non-chelated forms of zinc. Uptake of zinc by 
various plant parts at periodic intervals from foliar 
application of zinc sulphate and zinc chelate is shown in 
Table 4.14. Both zinc sulphate and zinc chelate were 
applied at equivalent rate of 1.0 kg Zn/ha, using a spray 
concentration of 5.0 per cent W/V. 


Table 4.14. Absorption of zinc {ppm) by different plant parts with time 
from different zinc sources. 


Hours after foliar application of 
zinc 




4 

8 

24 

32 

Leaf 

Zinc sulphate 

110 

152 

129 

110 


Zinc chelate 

145 

190 

194 

196 

Stem 

Zinc sulphate 

132 

173 

169 

130 


Zinc chelat<- 

185 

210 

206 

209 

Root 

Zinc sulphate 

1.50 

176 

187 

188 


Zinc chelate 

204 

253 

294 

247 


R (‘suits show that from the chelated source zinc was 
absorped in larger quantities by different plant organs, 
than from the non-ehelaled source at successive intervals 
from spraying. After 8 hours, when absorption com- 
Icted, about 48, 3.'^ and 40 jjcr cent more zinc was ab- 
sorped by leal*, stem and root, respectively from the 
chelated source. 

It was also observed that by and large zinc from ZnSO^, 
source in leaf and stem moved out after 8 hrs. po.ssibly 
into the root which showed an increase at 24 and 32 
hrs. The chelated source of zinc did not show thi.s 
phenomenon, with the exception of root zinc at 32 hrs. 


STUDIES ON SOIL/LEAF MANGANESE 
Fractionation of soil manganese 

Soil profile samples collecl(‘d down to a depth of 120 
cm were analysed for various forms of available mang- 
anese. Results so far obtained show that water 
.soluble fraction vari(‘s between 1 to 4 ppm exchange- 
abb* fraction varies between 4 to 50 ppm and easily 
reducible fraction varies between 10 to 100 ppm. 
The easily reducible form was round to be the 
highest, and water soluble form, the lowest at 
all depths, exchangeable form occupying an 
interriK'diate position. Both exchangeable and easily 
reducible forms increased generally with increasing 
depth, the (Xisily redueible form showing a wider 
variation with depth. 

Effect of foliar apUcation of manganese on uptake 
with and without chelating agent 

[n this experiment manganese was applied in tin; 
form of foliar spray as manganese sulphate at rates 
0, 5, 10 and 20 ppm Mn (W/V). In another set of 
treatments, sodium salt of EDTA (ethylene diamine 
tetra acetic acid), the chelating agent, was applied in 
2, 4 and 8 p.c. solution (W/V), alone and in combina- 
tion with MnS 04 . I'en sprays were given at fortni- 
ghtly intervals before harvesting the young plants. Con- 
centration of manganese in harvested leaves is shown 
in Table 4.15. 
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Table 4. IS,- Effect of foliar afplicalion of MnSO^ and ED EA on leaf manganese concentration 


'Treatment 

ppm Mn 

Treatment 

ppm Mn 

Treatment 

f)prn Mn 

Control (No Mn) 

1027 

(Control 

1027 

Control 

1027 

1 % MnS 04 

1403 

I%MnS 04 -f 2 % 

KDTA 

875 

2% EDTA 

1233 

2% MnS 04 

1683 

2% MnS04 + 4% 
KDTA 

887 

4% EDTA 

833 

4% MnSOi 

2t.50 

4%MnS04 18 % 
EDTA 

985 

8% ED TA 

743 


It is seen from 'liable 4.15 (hat Mn concontralion 
in leaf increased with higher rates of MnSO^ application. 
EITFA had depressing elFect on Mn uptake. However, 
the depressing eireet of ED'l’A on Mn uptake in this 
preliminary experiment could he due to the high con- 
centration of applied EDTA, since plants receiving 
ED'EA and EDTA j Mn showed sym{)toms of scorching 
and the intensity of scorching increased with increasing 
concentration of EDTA in spray fluid. 

Leaf Analysis 

Intensive leaf analysis was carried out during the 
year, with the object of estimating variations, if any, 
in N, P, K, Ca, Mg and Zn contents due to (a) genetic 
differences, (b) position of leaf, (e) other plant organs 
and (d) time of samt)ling. 'This study included five 
clones, two jats, seven leaf positions, two plant organs 


and four times of sampling a day. Results are briefly 
de.scribcd below : 

Analysis of variance showed highly significant diffe- 
rence (P< 0.001) due to either clones/jats of tea or due 
to leaf position/organs in all the nutrient elements except 
potassium. However, the trends of differences for diffe- 
rent nutrients were not the same. Variation due to 
hours of sampling was found to be highly significant 
(P< 0.001) in the case of Ca, Mg and Zn, but not 
for N, P, K. As far as potassium is concerned, varia- 
tions due only to clone/jat of tea were found to be signifi- 
cant (P< 0.001). Interaction between clone/jat and 
leaf positiori/organs was also found to be highly signifi- 
cant (P< 0.001) for all the nutrient elements except 
potassium. Influence of genctical variations on nutri- 
ent contents ar(' shown in 'Table 4. l(i(a) and of leaf 
position and yilant organs in Table 4.16(b). 


Table 4.16(a). Variation in average leaf nutrient contents of clones and jats 


Per rent 



Clones 



Jats 



nutrient 










TV 1 

TV 7 

TV18 

rv 19 

rv 20 

Lingri 

Kharjan 

CD at 

I>evel 

content 







5% 

significance 

N 

2.64 

3.05 

2 . 00 

1.70 

1.74 

2.13 

2.33 

0.13 

*** 

P 

0.31 

0.26 

0.41 

0.23 

0.19 

0.28 

0. 14 

0.03 

*** 

K 

2.10 

2.12 

1 .84 

1.72 

1 . 75 

1.55 

1 .85 

0.34 

*** 

Ca 

0.94 

0.74 

0.49 

0.68 

0.90 

0.44 

0.42 

0.06 

♦ ♦♦ 

Mg 

0.19 

0. 19 

0.18 

0.28 

0.30 

0.24 

0.24 

0.02 


Zn ppm 

45 65 

44.86 

43.11 

62.86 

45.08 



2.70 

*** 


In general, 'I" VI and TV 7 compared favourably in 
their nutrient contents; clones TV 19, TV20 and jats 
Lingri and Kharjan had generally lower nutrient con- 
tents, whereas TV 18 occupied an intermediate position. 
Results show that from bud to sLxth leaf position, nitrogen 
and phosphorus contents generally decreased pro- 
gressively, potassium remained virtually unaltered, 


calcium content increased steeply and magnesium showed 
small and irregular changes from leaf to leaf. There 
was practically no difference in zinc content from 
second to sixth leaf and these leaves had significantly 
le.ss zinc than cither the bud or first leaf. Petiole con- 
tained the maximum quantities of potassium, calcium 
and magnesium and very low quantities of nitrogen 


Table 4.16(b), Influence of leaf positionffraction on average leaf nutrient contents 


Per cent 



Leaf position 






Jats 


content 

Bud 

1st 

2nd 

3rd 

4th 

5th 

6th 

Petiole 

Inter- 

CD 

Level of significance 



leaf 

leaf 

leaf 

leaf 

leaf 

leaf 


node 

at 5% 

at P< 

Nitrogen 

3.08 

2.56 

2.50 

2.12 

2.00 

1.95 

1.94 

1.71 

2.22 

0.14 

0.001 

Phosphorus 

0.35 

0.29 

0.30 

0.29 

0.23 

0.21 

0.22 

0.22 

0.33 

0.03 

O.OOl 

Pota.s.sium 

1.72 

1.80 

1.08 

1.90 

1.92 

1.81 

1.79 

1.91 

1.91 

— 

NS 

Calcium 

0.41 

0.47 

0..59 

0.70 

0.75 

0.76 

0.81 

0.84 

0.61 

0.06 

0.001 

Magnesium 

0.21 

0.23 

0.22 

0.22 

0.22 

0.22 

0.21 

0.24 

0.27 

0.20 

0.001 

Zinc (ppm) 

68.85 

49.75 

45.20 

45.05 

43.25 

42.95 

43.10 

52.08 

82.57 

3.17 

0.001 
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and phosphate. Zinc content of petiole is comparable 
to those of leaves from first to sixth position. Internodc- 
contained generally high cpiantities of nutrients, speci- 
ally Zn, Mg, K and P. 

TECHNIQUE AND ANALYSIS 

Redox Potential (Eh) of soils 

Measurement of Eh using platinum and a reference 
calomel electrode in a ferrous;z!ferric (Fe ' ■^;=tFe^'*' ■^) 
system adding potassium dichromate as an oxidising 
agent has been standardised in the laboratory. Changt's 
of Eh with addition of oxidising agent is shown in Fig. 
4.10. Fhe equilibriun point of Fe^ Fe;=t +'^ ' system 
has been found to be at Eh value of | 620 (see middle 
of inflexion point in Fig. 4.10. The method will be 
used to measure redox potential (Eh) of soils under 
varying intensity and duration of submergence. 



SOLUTION ADDED 

Fig 4.10. Potentiomertic ticration solution with 

0.1NK,Cr,O.; solution using Pt electrode with 
Calomel standard 20 G 

Soil moisture measurement of neutron modera- 
tion 

tiA “well” type geometry had been accepted for cali- 
bration of the Neucleonic Moisture Gauge. Cylindrical 

drum® Wf'rr* fill#»rt in XA/itli cnil iinrl ciinrl in x/anrincr 


portions and wetted thoroughly; thereby, different 
moisture regimes of different drums were maintained* 
Holes were made in different drums and casing of hole 
was made with thin-walled aluminium tube. The 
neutronprobc (.source-counter a.ssernbly) was then in- 
serted in these holes at selected depths and neutron 
counts recorded. Simultaneously from the same dep- 
ths, soils were collected for determining gravimetric 
moisture content in a drying oven. Corrections were 
made for background noise in each measurement. Fig. 
4.11 shows the relationship beeween gravimetric mois- 
ture content and neutron counts as shown by Gamma 
Ray Spectrometer. 



Fig 4.11. Relationship between gravimatic moisture 
content and neutron counts as shown by 
Gamma Ray Spectrometer 


This in situ method will be used for instantaneous 
monitoring of the changes in moistures content of soil 
profile over a desired period, without resorting to dis- 
turbed sampling for gravimetric measurement of mois- 
ture. 

Studies on Ground-water Drainage Problems 

'Fhc work on “diagnosing the sub-soil drainage prob- 
lem and developing a suitable drainage system for a 
given condition” initiated under UNDP has been ex- 
tended to 13 gardens covering 31 sections by the end of 
year 1977-78. 

A set of specially designed piezometers has been insta- 

llprlin #»nrb cr^rtinn tn fulfil tb#* nnnin nbiertives mentirv. 
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ncd in the last Annual Report (Ann. Sci. Rept. 1976-77, 
p. 30). 'Ehe observations on water table (W.T.) in 
the piezometers are plotted to give the water table ele- 
vations in between the two drains and along llie drain. 
Similar investigations are being planned for a few other 
estates in Dibrugarh, Sibsagar, Dooars and (’achar. 

Thi‘ investigations are being carried out to evolve 
solution to the groundwater problem, 'riie results 
obtaiiK'd so far arc' summarised below : 

Water-table, rainfall and drain discharge relation- 
ship 

'J’he studies on water table as influenced by the in- 
ccaning rainfall wc'n^ carried out at I’ocklai, TTunwal, 
Ducklingia, Meleng and Haroocharai Tea Estates. 
It was observed that the main drain discharge and the 
water table' position responded very quickly to the in- 
coming rainfall. A comparison of drainage-wise “poor'’ 
and “good” section showed a difference of about 50 cm 
in water table height. 

I’he lesults presented in Fig. 4.12 show that the rain- 
fall, drain discharge, and the water table position main- 
tained a good agreement. Higher the rainfall rate. 





Fig 4.12. Relationship between water table drain 
discharge and rainfall 


higher the drain discharge and higher was the water 
table. It was further observed that corresponding 
to rainfall rate of 60 inm/day, the maximum drain dis- 
charge obtained was 20 mm/day, which was taken as 
the drainage coefficient for Assam conditions. Similarly 
the drainage coefiicient for Dooars area was chosen 
as 35 mm/day. 

Effectiveness of deep drainage system 

d'he experimental results have shown that by increas- 
ing drain depth from 57 cm (open ditch) to 150 cm 
(pipe drain), the depth to which the water table could 
be lowered was also increased considerably. fhe diffe- 
n'lice between the two was observed to be about 100 
cm (Fig. 4.13). However, the most economic drain 
depth, which is a lunction of several other variables, 
needs to be investigated for which experiments have 
already be'en undertaken. 



Fig 4,13. Rainfall-water table relationship as affected 
by depth of drain 


Water table configuration along and between 
the two drains 

rhesc extensive investigations have been reported 
at length in the 28th locklai Conference. These may 
be summarised as follows : 

(i) 'Fhe water tabic follows nearly the shape of 
the land surface ; 

(ii) the water table between the two drains takc.s 
the conventional eliplic shape, lliis provides the 
information regarding mid point water table height 
which is important in drainage design for a given 
areas. 
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Effectiveness of pump outlet 

An overall drainage improvement for a large catch- 
ment with restricted outfall at Haroocharai T.E. was 
taken up involving improvement of main collector and 
secondary drains. It also included a pump installation 
at the outlet, since outfall was found to be lower than 
the highest flood level (H.F.L.) of the river during peak 
rainfall periods. It was observed that in an area with 
restricted outlet, pumping the excess water provided 
satisfactory drainage conditions. 




Fig 4.14. Effect of improved drainage system (with pump) 
on water table 

'Vhe results presented in Fig. 4.11 indicate that in 
case of existing drainage system (no pump), the water 
table remained ne.ar the soil surface, whereas, in case 
of pump outlet, the water table could be lowered by 
about 5.5 cm below the soil surface. 

The effect of pump drainage on yield is plotted in 
Fig. 4.15 which shows that after July, when yield 
in non-pump area was decreasing, the yield in pumped 
area increased considerably. 

Pump drainage system is now being tried out in Dibru- 
garh District at Lengrai T. E., where outlet is restricted. 



Tentative design of drainage system for Dooars 
and Assam area 


Table 4.17. 1 entalivf drsi^n criteria for drainage in Assam and Dooars^ 


Soil perme- 
ability 

K m/day 

Pipe drain 
(D) meter 

Assam 

Dooars 

Drain spacing 
(S) meter 

Drain spacing 
(S) meter 

()..5 

1 .5 

15 

10 

l.O 

1.5 

20 

17 

2.0 

1.5 

40 

30 

4.0 

1.5 

(iO 

50 


Drainaj^f* coefficient “q” for Assam -= 20 mm/day. 

Drainage coeflicienl “q” for Dooars — 35 mm/day. 

These designs arc ))eing tried out in a number of estate* 


In addition, an experiment has been laid out on vari- 
ous depths and spacings of sub-surface pipe drains to 
And out the most economic depth and .spacing. 

Other investigations regarding drainage 

(a) Soil permeability— 'Fhe permeability has been 
determined iu situ at Tocklai, Ducklengia, Hun- 
wal, Haroocharai and Melcng T.E. The study 
is being extended further, i’he results obtained 
so far indicate the permeability value in the 
range of 1.5 to 2.5 m/day with an average of 
2m/day for undisturbed sub-soil layers below the 
water table. And the same ha.s been used in 
developing the tentative design of drainage system 
for Jorhat area. 

(b) Depth of impermeable layer The observations 
on the existence of an impermeable layer were made 
at sites where tlu' auger holes were made to determine 
permeability. At almost all the sites, no clear cut 
clay layer could be located, but a denser layer 
was observed at a depth of 3 to 4 rn below the soil 
surface. For Jorhat area, the depth of imperm- 
eable layer for computation purposes has been 
taken as 3 m and the same is used for calculating 
the drain spacing. The investigations on the 
depth of impermeable layer are being intensified 
further. 
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Research and Advisory Soil analysis 

A total of 90,000 soil tests were carried out during 
dhe year, The break-up is as follows : 

1 Research : 14,000 estimations 

2 Advisory : (a) Tocklai : 56,000 estimations 

(b) Dooars : 20,000 estimations 

Meteorological Data 

Meteorological observations were carried out through- 
out the year in six class “A” observatories, namely Tock- 


lai, 'rhakurbari, Silcoorie, Nagrakata, Gungaram and 
Nagrifarm stations. Data have been processed, E.T, 
values by Penman’s method calculated and summarised 
in Appendix D of this report. Besides cumulative 
moisture deficits for the period November *76 to April*?? 
have been estimated based on rainfall and open pan 
evaporation data collected from eight T.R.A. installa- 
tions (Data reported in Appendix D). 



%otan( 


Pollination studies carried out over the years revealed that tea 
^generally is self-sterile. Cross-compatibility was high in both 
intra and inter-varietal crosses. Cambod variety gave good 
results both as male and female parents. Assam variety was 
best as pollen parent ^ and the reverse was true of the China vari- 
ety. 

Three clones have been provisionally selected for release to 
ihe industry. 7 hey will be released as soon as sufficient 
nucleus area could be established. 

Under the Clonal Selection Scheme in the estates introduced 
in 1975, 84 estates have been surveyed so far.^ covering 
about 5000 ha of tea. 2650 mother bushes have been selected 
Jor trial. 

Four clones from the first Long-Term Trial established 
under the scheme, appears to be promising for certification. 

Driunal variatation in dry matter contents of plucked shoot 
between 8a.m. and 2 p.m. showed that dry niatter accumula- 
tion is rapid in the early hours. 

Growth room experiment with high night temperature of 20^ 
i 2'^C during the short-day winter months showed that it 
is possible to force bud-break much earlier, and that the plants 
completed one flush of growth by the time bud-break was ob- 
served in the control plants outside. The flush produced was 
({uiie normal and comparable to the first flush of the spring 
growth. 

Growth regulator studies indicated the possibility of obtain- 
ing early flush by foilar spraying of GAj at 100 ppm, and by 
suppressing rains crop for two j three weeks by retardants like 
Fthephon at 100 ppm without affecting the total crop. How- 
ever, clones varied in their response. 

Radiotracer studies show that pluckable shoots are the stron- 
gest sinks of photosynthates and even GAj treatments could not 
change the situation. .No movement of metabolites from two 
leaf and a bud shoot was observed upto three days. 


Fl.ANT IMPROVEMENT 

Biclonal Stock Trial 

The biclonal stock trial with seven stocks (Ann. Rep. 
1976-77, p. 32) was continued during the year. Five 
stocks appear to be better in yield and quality than 
Tocklai Biclonal Stock 449. The trial of the stocks in 
the Dooars and Cachar also confirms the promising 
nature of these stocks. Encouraging reports on these 
stocks have also been received from the observation 
plots set up in different agro-clirnatic regions. 

It is hoped that a decision on the release of the new 
stocks will be possible by the end of the 1978-79 season. 

Micro-seed baris 

Three micro-seed baris selected earlier on the basis 
of pollination results and short-term trial of hybrid, 


seeds were planted out during the year. Generative 
clones of a few more biclonal combinations were pro- 
pagated during the year for establishment of micro-seed 
baris. 

The two micro-seed baris established in 1975 (Ann. 
Rep. 1975-76, p. 28) are expected to produce sufiicient 
seeds for trial in 1978-79 season. 

Pollination results 

Since the inception of the Botany Department in 1930 
a large number of pollinations were carried out in diffe- 
rent varieties of tea. A summary of forty years’ results 
was published in Two and A Bud 2\\2l~26 {1977)» 

Tea, in general, was found to be self-sterile. How- 
ever, “individuals of a variety” varied in their self-in 
compatibility. Some clones were observed to produce 
as high as 10 per cent fruit set from selhng. In general, 
self-compatibility was high in the Cambod variety and 
low in the China variety, the Assam variety being 
intermediate in position. 

Cross compatibility was common in both intra and 
inter-varietal crosses, but certain crosses were found to 
be complct(!ly incompatible. While the C^ambod vari- 
ety produced equally good results as male and female 
parents, the Assam variety was found to be the best as 
pollen parent and worst as female parent and the reverse 
wa.s true of the China variety. 

A few related species were also found to be compa- 
tible with tea. 

Selection of vegetative clones 

Eighteen bushes were selected from a section of China 
hybrid tea on the basis of their quality and yield. 'Ehc 
bushes will be ])ut to rooting trial in the next season. 

Long-term trial of clones 

At present, about 130 clones are in various stages of 
long-term trial. Out of the three trials started in 1971, 
three clones have been provisionally selected for re- 
lease to the industry. The clones will be released as 
soon as sufficient number of nucleus bushes could be 
established at Tocklai and the sub-stations. 

In other long-term trials, some more clones arc 
showing promise. 

Selection of clones in tea estates 

The clonal selection work in the tea estates was 
continued during the year. Ihe area screened and 
the number of bushes selected are shown in table 5.01. 

This brings the total to 84 estates surveyed from 
the beginning of the scheme covering approximately 
5000 ha of tea, from which 2650 mother bushes were 
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Table 5.01. 

Summary of clone selection in 

estate • 


No. of 

Area 

Bushes 

Region 

estates 

surveyed (ha) 

selected 

Assam, South Bank 

21 

857 

981 

Dooars 

4 

281 

182 

l>arj(*cling 

1 

20 

27 

Total 

26 

1158 

1190 


selected. Follow-up measures were continued in all 
the areas. Unfortunately, however, some of the estates 
could not carry out tlie scheme according to the schedule. 

The first long-term trials under the scheme were 
established at Heelcakah 'J’.E. in 1975 and 1976 with 
nine and st'ven clones, respectively. Four ( lones from 
the first trial and two clones from tlie second trial appear 
to bo promising. A long-term trial was also started 
at Dahingeapar T.lv in 1977 with nim* clones. A 
few more trials will be startctl this year in different 
regions. 

PLAN'!' PHYS1()IX)(;V 


Dry matter content 


In con 

t inn at ion 

ol' the 

previous 

i lives tig; 

It ions on 

diurnal and season; 

il variations in j)c 

‘f cent d 

Iry weight 

Table 5.02. 

Pci cent dry 

weight of 

shoots of three 

clones pliu 

ked at .7 a.m.. 


11 a.m. and 2 p.m. (; 

mean of repeats) 


Date of 

O' 

dry weight 

DiflVMTU 


pliK’kin^ 

8 a.m. 

1 1 a.m. 

2 p.m. 

8 & 11 

11 & 2 





a.m. 

p.m. 



Clone 

TV 9 



20- ti 77 

20.35 

23.38 

24.22 

3.03 

0.84 

6-7-77 

20.11 

22.73 

24.28 

2.62 

1 . 55 

20 -7 -77 

22.87 

23.91 

23.85 

1 .01 

-O.Ot) 

3 8 77 

22. -17 

23.21 

22.81 

0.77 

-0.40 

31-8 77 

21.. 59 

22.43 

23.25 

0.81 

0.82 

28-9-77 

22.09 

22.57 

23.80 

0.48 

1.23 

12-10 77 

21.23 

22.80 

23.31 

1.57 

0.51 

9-11 77 

19.33 

21.(»9 

22.12 

2.3i; 

0.43 

23-11-77 

20.55 

21.89 

21.78 

1 .34 

(). 1 1 

Average 

21.18 

22.51 

23.28 

1 .33 

0.77 



Clone 

TV 11 



20-6-77 

22.05 

23.93 

23.24 

1 .88 

-0.69 

tV-7-77 

20.01 

22.. 54 

23.09 

2.53 

0.55 

20-7-77 

22 . .55 

23.68 

21 .84 

1.13 

-1.84 

3 8 77 

24.49 

23.58 

24.22 

0.09 

0.()4 

31-8-77 

22.12 

22.80 

23.38 

0.ti8 

0.58 

28-9 77 

22.26 

23.21 

24.36 

0.95 

1.15 

12-10-77 

21.00 

21.33 

21.8() 

0.33 

0.53 

9-11-77 

19.28 

22.18 

22.66 

2.90 

0.48 

23-11 77 

21.86 

22.18 

22.34 

0.32 

0.16 

Average 

21.62 

22.82 

23.00 

1.2(T 

0.18 



Clonei? 

TV 16 



20 6 77 

20.22 

23.53 

23.52 

3.31 

-0.01 

6-7-77 

18.51 

22.36 

22.81 

3.85 

0.45 

20 7-77 

21.18 

23.08 

22. (iH 

1 .tK) 

-0.40 

3 8 77 

22.52 

23.31 

23.88 

0 . 79 

0.57 

31 8-77 

21.23 

21.78 

22.34 

0.55 

0.56 

28-9-77 

21.18 

23.36 

23.53 

2.18 

0.17 

12-10 77 

19.98 

20.31 

20.98 

0.33 

0.67 

9-11-77 

18.11 

22.2(i 

22.66 

4.15 

0.40 

23-11 77 

20.75 

21.80 

21.62 

1.05 

0.18 

Average 

20.41 

22.42 

22.67 

2.01 

0.2.5 

Overall 

21.07 

22.58 

22.98 

1.51 

0.40 


lacan 


Table 5.03 Percent dry weight of shoots of different clones plucked at three 
dijferent hours of the day from June to November. 

(mean of 27 observations, 9 plucking dates x 3 repeats) 


Plucking time Percent increase 


Clone 

8 a.m. 

1 1 a.m. 

2 p.m. 

8 a.m. to 

1 1 a.m. 

1 1 a.m. lt> 
2 pm. 

I'V 9 

21.18 

22.51 

23.28 

6.10 

3.42 

TV 11 

21.62 

22.82 

23.00 

5.. 55 

0.79 

TV 16 

20.41 

22.42 

22.67 

9.85 

1.12 

Mean 

21.07 

22.58 

22.98 

7.17 

1.77 


of plucked shoots (Ann. Rep. 1976-77, pp. 33 35), 
another statistically designed experiment was conducted 
this year. This experiment was on pruned tea (the pre- 
vious investigations wen* on unpruned tea) and in- 
cluded all the clones of the previous investigations 
exce])t rV' 3. Plucking was done at 8 a.rn, 1 1 a.m. and 
2 p.iu., oiu' third of the bush Ixdng phickt'd each time. 
Results presented in 'Fabh' 5.02, show that dry matter 
increased with time of plucking IVom 8 a.m. through 1 1 
a.m. to 2 p.m. 'Phe rate of increase varied between time 
intervals, and betwc'en clones, as reported ]3reviously. 
Th(' rate of dry matter ac(’umulalion in plucked shoots 
of all the tlu(‘e clones is significantly higher l)etw(‘en 
8 a.m. and 11 a.m. than Itetween 11 a.m. and 2 p.m. 
The sea.sonal averagt' dry matter of shoots plucked at 
th(' three* different hours of day is shown in Table* 5.03. 

'Fhe mean per cent increase over the season at 1 1 a.m. 
over 8 a.m. varies between clones from 5.6 to 9.9 while 
the increase l)etween 11 a.m. and 2 i).m. varies from 
0.8 to 3.4 ]ier cent. Incrc'ase pei* hour, wlu'ii all the 
clone.s are taken together, is 2.4^!,, between 8 a.m. and 
11 a.m. compared to only 0.6‘’o between 11 a.m. and 
2 p.m. suggesting that the accumulation of dry mallei 
is mor(‘ rapid in the morning than in the aftt'rnoon. 

Percent dry matter content of shoots plucked at three 
different hours of the day for the three clones is showi 
graphically in Fig. 5.01. 



Fig 5.01. Per cent dry matter of shoots plucked at 
different hours of the day 
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If the line representing the average is extrapolated 
to 6 a.m. (since plucking generally starts from 6 a.m. 
1ST in tea estates), the increase of dry matter between 
6 a.m. and 11 a.m. would be about However 

this metliod of representing dry weight as percentage 
of fresh weight does not take into account the increase 
in fresh weight ot the whole shoot during the oberva- 
tion period (Increase in area does not retjuire consi- 
deration since the data are not based on leaf area 
basis). Had this also been taken into consideralioru 
the actual rate of dry matter accumulation between 
6 a.m. and 11 a.m w^mld have been more than 12”„. 

In the light of these findings, a large scale field ex- 
periment has been started. Besides yield n'covery 
percentage at the drier-mouth and (up characters 
of made tea will also be examined. 

Dormancy 

The* phenomenon of winter dormancy in tea in N.IC. 
India has been studied systematically for the last few 
years. Results obtained so far lead us to conclude 
that winter dormancy is due to an interaction l>etween 
short day length and low night temperature, which 
in turn, disturbs the hormonal balance. The buds 
resume growth only after restoration of the proper 
balance betwc'en growth promoting and growth re- 
taHing substances, either by exogenous application, 
or by endogenous production of growth promoters like 
gibberellic acid. 

Based on the information available, an experiment 
was started in winter to study the effec t of high night 
temperature on growth of terminal and axillary buds 
of one year old pot grown plants. Ten plants, each of 
clones TV 1 and 'I V 20, were kept in the growth room 
from 4th December ’77 to end-February ’78 under con- 
trolled conditions of tcmipc-rature and humidity. The 
temperature of the growth room was maintained through- 
out at20 I 2°C from 7p.m. to 7a.m. i.e. similar to night 
temperature during summer. Another group of 10 
plants, each of the two clones, were kept outside as 
control. 

I’he plants in the growth room started bud-break 
much earlier and completed one (lush of growth by 
the time bud break was observed in the control plants 
(Table 5.04). Figure 5.02 shc:)ws the difference in growth 
of the plants after 78 days of treatment. 

It can be sc-en from the data in tabic 5.04 that the 
terminal buds on the main stc*m of both the clones ex- 
posed to high night temperature started growth much 
earlier than the plants in the contndled .series. 

Bud break took place earlier in clone 4'V 20 th:.n in 
'I’V 1 both in the treated and control plants (F - (\01) 
'Flu* earliest bud-break in TV 20 was noticed within 
about three wc'eks from the transfer of the plant to the 
growth room, whereas TV 1 plants remained dormant 
for more than four weeks. 



Fig 5.02. DifiTcrence In growth of tho plants after 
7 days of treatment 
Left Treated 
Right — Control 

Table 5.0f . Numhn of days taken by the terminal and axillary buds of 
treated and control fdants to start growth 



Cic 

>nc rv 1 

Clour rv 20 

Plant 






Pairs 

1 Vrat<\l 

(’ontrol (1 

I rrattd TI 

Control CF 

1 

til.l 

86.. 5 

5.5.5 

74.. 5 

2 


88 8 

.54.9 

78.7 



9tL2 

59.7 

79.0 

t 

(it. 3 

88.9 

Ri.O 

84.3 

.^> 

58.. 5 

84.7 

56.5 

79.0 

() 

ti2.2 

86.8 

.53.0 

79.2 

7 


97.5 

41. .3 

85.5 

H 

63.1 

88. ti 

47.0 

78. 0 

‘) 

(i2.7 

77.7 

29.0 

82.0 

It) 

(i2.() 

91.6 

40.5 

79.5 

Mean 

62.7 

88.9 

48.3 

80.0 

S. V. 

■ 0.9 

1 1.9 

1,3.0 

±1.0 

■ 




— 




lb complete one Hush i.e. the first Hush of the sea.son, 
the plants in the growth room at high night tempera- 
ture took about fc:>iir to five weeks. Fhe control plants 
kept outside the growth roc^m and which started flush- 
ing about a month later also took about the same time 
to c'omplete the Hush. 

Although the t related and control plants differed 
in the starting and completion of the first Hush, prac- 
tically no difference was observed in the production 
of number of laterals, leaves and size of the Hush when 
completed. 

Growth regulators on bud-break in tea 

Observations on bud-break of clone 'FV 9 by foliar 
spray of difi'erent growth regulators like 4-CTA, auxin 
^'^3 ,^ibberc*llins, BA, cytokinin and growth retardants 
like ORPA, SADH and (XT’, were reported last year 
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{Ann. Rep. 1976-77). Further observations on the 
production of number of laterals and primaries pro- 
duced were continued during the year. Samples were 
also lUfinufacturcd by the C! TC method and made teas 
were evaluated by tea tasters. None of the treatments 
had any effect on the number of primaries or laterals 
produced, and cup characters of made tea. 

Growth regulators on crop distribution 

Preliminary observations of the elTect of difTercnt 
growth regulators on crop distribution in three un- 
rclcased clones were re[)r)rtcd last year (Ann. Rep. 1976 
-77, p. 35). Observations were continued during the 
year on Toeklai (dones 'IV 7, d’V 15 and TV 18 repre- 
senting Chinary, Assam and Ciarnbod types. Some 
of these observations were reported at the 28th Tocklai 
biennial scientific conference and published in the 
proceedings of the conh'rence. (Proc. 28th Tocklai 
Conf. pp. 41-43, 1977). Feasibility of getting early Hush 
by foliar spraying of GA^at 109 ppm and suppressing 
the rains crop by retardants like ethephon (CEPA) at 
100 pprn for two or three weeks without affecting the 
^innual cro[) or quality of made tea was indicated. 

The experiment is being continued this year, add- 
ing two more clones i.e. I’V 9 and 107/16, advanidng 
the time of application and reducing the eoncenlration 
of gibberellic acid, but repeating spraying at monthly 
intervals from January 1978. It was observed that s[j- 
raying in second week of January did not help produc- 
tion of early (lush. Second week of February seems 
to be the earliest possibh* time of application to induce 
early Hushing. Among the two gibberellins G.Aj and 
GAi^.^ tried, G.A j seems to l^e more efTective than the 
GA^^^ for production of early Hushes, provided soil 
moisture is not limiting (Fig 5.03). Clones varied in 
their resf)onse to growth regulators. Further investiga- 
tions are in progress. 



Fig 5.03 Gibberellm^ on early flushing in TVI8 middle 
row control 


Growth retardants on rooting of cuttings 

(irowth regulator solutions were sprayed in April 
1976 on TV 13 mother bushes at Borbhetta. Cuttings 
from the .sprayed bushes were propagated in July and 
Noveml>er 1976, and observed for rooting. The sprayed 


bushes were examined in 1977 for residual effect, if 
any, and for shoot production. Cuttings were propa- 
gated again during June 1977, the year following 
Jspraying to varify e/lect on the rooting of cuttings. 

Spraying each of indolelmtyric acid (IBA) at 200 ppm, 
morphaction ri’'3456 at 100 ppm, and CCX', CliPA 
and SADJl at 1000 pf)m consist('ntly increas('d the 
number of bctt(’r rooters over th(' control at every pro- 
pagation. It was observc*d that the treated mother 
bushes pro3uce;l normal shoots in the subsecjuent 
year and no phytotoxic effects or die-back could be 
seen. Use of IBA and the rdardants for imj)roving 
rooting of cuttings is a possibility that needs further 
confirmation. 

Growth regulators to induce branching in young 
tea 

(Jentcring of young tea using a kuih' involves re- 
moval of growth. If the desired bramdiing can be 
achieved by spraying growth retardants alone or in 
coml)ination with sue h a practice as pegging, the loss of 
growth can Ix' minimised. 

With this objective in vic'W studies were initiated in 
the u(dd on thi(‘e clones d'V 1, TV 18 and 'f.j 1^/3 
iising Cyeoc(d (C(Xb, alar-85 (S.ADII), (N.C 9t')3) 
(Fison U.K. ), (‘llu‘[)hon (CIlvPA), I’P. 528 (Kd, UK) 
and CiA^, in three concentrations to study their efficacy 
in efuM'king tlu' Itu'minal growth and iiroinotirig dev(‘-, 
lopmeut of' laterals. Pegging was usc'd as (ontrol. 
Sonu' indication of growth suppression and promotion 
of laterals was obtairx'd with certain retardants. I'hcsc 
studies ar<‘ being continued. 

PHOrOSYNITIESIS AND TRANSLOCATION 
STUDIES USING C^ ‘ ISO TOPE 

Distribution of photosynthate from the mainten- 
ance foliage 

The role of maintenance foliage in nourishing the plu- 
cfablc via f ts is w(dl known. However, the factors that 
< ontrol the distribution of photosynlhates from the main- 
tenanc(' foliage are yet to be elucidated. TNperirm nts 
were, therefore, initiated on field-grown mature bushes 
using labelU'd C*^^0.^ and the observations based on 
autoradiographs are reported here. The set u[) used 
to expose the heaves with labelled carbon dioxide 
is shown in Fig. 5.04. 

Each primary shoot on a pruned and plucked bush, 
used in the experiment, had three axillary shoots each 
supported by a maintenance leaf. Two such shoots 
were selected and one maintenance leaf of each shoot 
was exposed to 30 pc of labelled carbon dioxide for an 
hour. The terminal portions of the axillary shoots of 
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Fig 5.04. Set up Showing PlexiglaKis chamber for 
expoismg intact leaves in the field to C 02 

one primary were ireatc'cl with gibberellic acid (GA,) 
at 100 ppm. d’he a.xillary shoots on the other were left 
untreated as control. The shoots were left undisturbed 
overnight to allow time for translocation of the |)hoto- 
synthates, and were liarvested next n orning. 

I’he autoradiograplis show' that the pliotosynthates 
moved from the maintenaiK'e foliage, more towards 
a vigorous terminal Hush above, than to the less vigorous 
lat(’ral HusIkw on tin* sides (Fig 5.05). Although all 
th(‘ lhre(‘ shoots in (Ik* branch were treated with gib- 
ber(’llie acid, th(“ iiiiddh* shoot show'ed the presence of 
more tagged |)ho(osynlhates than the remaining two 
shoots (1 ig 5.06). lienee, a vigorous, devclo})ing shoot 
is a stronger ‘sink', importing more phoiosynthates 
from the sourc'e (maini('nanee leaf) than the other weaker 
and banjhi shoots, d lu* de\'elopmental stage, rather 
than the proximity c)!’ the shoot t(^ the source, appears 
to eontiol the import of photosynthates from the rnain- 
tenaiHX' foliage. Acropetal movement of photo.syn* 
thales se(‘ms to be f)rel'err('d. 

Hormones are involved in regvdating the partition 
of |)hotosynthaies from the maintenance foliage. 
G /\3 solution cnates a ttanporary sink. In order to 
verify this, an experiment was undertaken. In a 
matinx' plucked bush in the field, a shoot with main- 
tenance Ibliage was selected. Two randomly selected 
maintenance leaves were treated with GAj .solution 
and later exposed io C'd The shoot was harvested 

next day and autoradiograph was examined (Fig 5.07). 
Despite the treatment of the maintenance foliage with 

f' \ . . 4 1 .’.K /-vf L n < Tnrk\Fr» 4 -I intn t}l#> 


shoots originating from the axil of the treated leaves* 
No movement of photosynthates to the axillary shoot 
below the treated leaf was obs<*rved, although traces 
of photosynthates were seen iiiari axillary shoot above 
(acro|)etal) the Ireated leaves. There seems to be a 
relation between the phylloiaxis and the acropetal 
distribution of photosynthates. The pluckable shoots 
appear to exert a pulling force on the metabolites. 

Comparison of TV clones for rate of translocation 
of photosynthates 

Productivity of a clone depends on many factors, 
of which the rate of photosynthesis and translocation 
of photosynthates arc principal ones. F.xperiments 
were intiated on one year old pot grown 'I’V I and 
I’V 20 plants using C‘^02. Mature, fifth leaf from the 
apex, was exposed to around 1 1 a.m. in the sun. 

'I’he plants werf uprooted at hourly intervals and pro- 
cessed for autormliographs. 

It was ob.scrved that there is a time lag of at least 
one hour between the time of GO 2 fixation and the 
movement of the metabolites (photosynthates) ovit of 
the ('xposed leaves, the rale of translocation being 
about 15-20 cm per hour, luirther studies arc in pro- 
gress. 

Photosynthesis and translocation in two and a 
bud shoots 

Studies on dry matter content of plucked shoots 
indicate that more ( rop can be harvested if plucking 
is done in the afternoon rather than in the morning 
hours. 'I'hcrc were apprehensions whether the delay 
in plucking would result in the loss of dry matter through 
the export of photosyntliates. I'o verily this pheno- 
menon, studies were undertaken using one year old 
pot grown TV 20 plants. I’lie pliickal)le two and a 
hud shoot in each plant was exposed to (.*^>2 and 
allowed to photosynthesise in tlie day light. I he 
shoots were harvested 6 hours and throe days later and 
autoradiographs |)reparcd (Fig 5.08). 

It was found that no phoiosynthates moved out of 
the pluckable, two and a hud shoots, even after three 
days. 'Fhc two and a bud remains as a sink import- 
ing metabolites from the maintenance leaves besides 
producing some photosynthates by itself. It does not 
export metabolites to other leaves. 'Fhereforc delays 
in plucking upto a few days should not alleast in theory 
cause anv loss of drv matter of the pluckable shoots. 



Fig 5.05. Cover transpArency : Mounted epecimen 
TL — Maintenance leaf exposed I to 


Fig 5.05. Autoradiograph. Note the distribution of C*‘*Oj 
labelled phot os> nthates presence of labelled 
CeJ ^O,) photosynthates appears as dark spots 
in the autoradiographs 
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Fig 5.06. Cover transparency : Mounted specimen 
TL Maintenance leaf exposed to Co 2 
GA 3 Shoots treated with gibberellic 
acid 


/ 




Fig 5.06. Autoradiograph. Note the movement of 
photosynthat es 
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Fig 5.07. Cover Transparency : Mounted Specimen 
TL-| GA|~ Maintenance leaves treated with 
GA 3 and Exposed to 



Fig 5.07. .Autoradiograph. Note the distribution of 
\photosynthate to axillary shoots 



Fig. 5.08. Cover Transparency : Mounted specimen 
showing exposed two leaf and a bud to Ci '*02 


Fig 5.08. Autoradiogrsph. CI ^02 fixed; No photosynthate 
moved out of the pluckable (2 Tbud) shoot 
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Besides Xylcborus fornicatus, reported last year^ two 
more species of Shot hole borers have been reported. Fecun- 
dity of scarlet mite is highest on TV 13 and least on TV 20. 
Microclimate within the tea under shaded and unshaded condi- 
tions affect the distrVmtinn and abundance of tea mites. 
Pink mite incidence is more than purple mite on clones TVI- 
TV 19. Phenology of looper caterpillar has been worked out. 
Tea Helopeltis causes a loss of 303)00 kg of made tea from 
135 hectares of young tea plantation. Damaging capacity 
of a single adult Hclopt’llis and its reproductive potentiality 
have been studied. Thrips incidence is on increase on skijfed 
leas than on pruned teas. Biological studies of two new scales 
have been made. Survey on shade tree pests have been made 
in the Dooars. Soil heating has definite killing effect on 
nematodes. Degree of injestalion of root-knot eelworm is more 
in silty loam soil than in silty clay loam. A novel insecticide., 
Dirnilin, appears to inhibit the growth of first instar looper 
A cater pi liars. Sumicidin and Bioresmethrin appear to be highly 
lethal even at a dilution of 1:8000 and are therefore consi- 
dered highly promising insecticides. Six commercial formula- 
tions of acaricides, twelve insecticides and four nematicides 
have been evaluated against pest complex. 


BIOLOGY OF MIl’ES 

A. Clonal susceptibility of mites : An i(l(M of 
the susceptibility of clones TV16, 1V17, TV18, rVl9 
and 'FV20 to scarlet mite Brevipalpus phoenicis ((»eijskes) 
was obtained from its fecundity on these clones, main- 
tained under comparable conditions i.c. at 19 C! with 
70“ o R.H. In this exf)erirnent mites were kept on ran- 
domly selected leaves from each clone. Although 
there was some variation in oviposition rate on leaves 
of different ages, in general, egg laying was highest on 
clone I’VIG and lowest on clone TV 1 7 and 'I’V 20 
in an unit time; tlic intermediate position being that 
of rVl8 and TV 1 9. 

Life-cycle of scarlet mite at 30‘(J ( Fable 6.0 1) on 
these clones is completed in 20 days, with very little 
variation between clones. 'Fherefore, though the level 
of mite infestations may vary on these clones, the 
time interval for the second round of palliative spray 
will remain nearly the same. 


Table 6.01. 

Fecundity and life-cycle of scarlet mite, 
{Geijskes) at 'd(PC 

Brevipalpus phoenicis 

Cloru's 

AvtTag<* number 
of eggs laid/ 
female 

Average incuba- 
lion period 
(days) 

Average duration 
of life-cycle 
(days) 

TV IG 

6.0 

5—6 

19.3 

TV 17 

4.4 

5—6 

20.0 

'I’V 18 

5.0 

(T1 

19.8 

TV 19 

5.0 

5—6 

19.0 

TV 20 

4.0 

5 -6 

20.0 


Long term studies on the potential population build 
up of scarlet mite on clones TV6 to TV20 was assessed 


at 30-32®C, 75% R.H. as arc common in the plains 
of north-east India during flushing period. The results 
indicate (Table 6.02), that egg laying is at maximum 

Table 6.02. Fecundity of scarlet mite, Brevipalpus phosnicis Geisakes, 
on clones at 30-32°Cj with lb-11 % R. II. 

Average No. of eggs Maximum oviposition 


Clones 

laid/fernale 

period (days 

rv 13 

20.2 

21.0 

rv 8 

18.0 

31.0 

'I'V 10 

17.0 

22.0 

rv 6 

16. 0 

30.0 

rv I t 

15.0 

23.0 

IV 15 

11.8 

19.0 

rv 12 

10.2 

15.0 

rv 7 

10. 0 

12.0 

'IV 16 

6.0 

7.0 

rv 9 

5.0 

7.0 

'rv 11 

5.0 

6.0 

'IV 18 

5.0 

9.0 

rv 19 

5.0 

6.0 

'I'V 17 

4.4 

7.0 

TV 20 

4.0 

5.0 


on clones I’V 13, TV8, TVIO, 'FVG, 'l’V14, and is least 
on clones TV20, 'FV17, TV 19, TV 18, TVll, TV9, 
and TV16: tlu^ intermediate position being occupicil 
by clones rV15, 'rV12 and TV7. 'The practical signi- 
licance of this study is that adjacent planting of clones 
having a comparable degree of susceptibility will, in 
idl pr.obability, b(‘ highly conducive to rapid mite 
build up. Plantation of th(*se clones will also rt'quire 
specific control of both eggs and adults at the very 
early stage of inO'station. 

B. Effect of microclimate on the incidence of 
mites in different zones of mature tea : Seaso- 
nal population cycle of Red spider, Oligonychus cojfeae 
Nict., Scarlet mite, Brevipalpus phoenicis (Geijskes), Pink 
mite, Acaphylla theae (Watt) Keifer, and Purple mite Cala- 
earns carinatus Green were studied from sam[)les of mite 
population in the upper, middle and lower /.ones of 
mature bushes in shaded and unshaded areas. 

Results, graphically presented in I'igs 6.01 to 6.06, 
show a wide variation in the distribution of mites. 
Thus, inshaded tea Pink mite numbers were significantly 
high in the upper /one; Red spider in middle and lower 
zones; scarlet mite in lower /one, and purple mite ia 
the middle zone of the bushes. In unshaded tea, Pink 
mite continues to be dominant in the upper zone; 
Red spider in the middle and lower zones, scarlet 
mite and purple mite mostly inhabit in middle and 
lower zones. 

This investigation shows that waxing and waning 
of the mite numbers vary with species and interact with 
the specific microclimate within the bushes under 
shaded and unshaded conditions. These long term 
studies also show that notwithstanding their diverse 
habits, all the four species of mites could infest the 
same bush in varying numbers. It is also becoming 
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(40NTHS 


Fig 6.01. Incidence of mites on upper zone of 
shaded tea 


NDOLt ZONE or SNAOCD TtA 



jfmamjjasono 


MONTHS 

Fig 6.02. Incidence of mites on middle zone 
of shaded tea 


UJMIfl ZONE or SHAKO T£A 
RCD SWR 




MONTHS 


Fig 6 .03. Incidence of mites on lower zone 
of shaded tea 


UPPER ZONE OF UNSNAOCD TEA 

W240r RCOSPDCR 

S SCARUT MITE 



MONTHS 


Fig 6.04. Incidence of mites on upper zone 
of unshaded tea 



MONTHS 

Fig 6.03. Incidence of mites on middle 
zone cf unshaded tea 



MOUTHS 


Fig 6.06. Incidence of mites on tower zone 
of unshaded tea 
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increasingly clear that pink mite could become the 
dominant mite under both shaded and unshaded 
conditions. Indeed, inspite of the variability in their 
absolute numbers, the trend of the population cycle 
of the four species of mites is nearly the same. It is 
thus possible that the four species react differently 
with the variation in microclimate in different zones 
of the bushes, tliough the level of response varies with 
the specific ecological re(]uiiemenl of each species. 
From a purely practical point ofview,tlus situation calls 
for a quick acting broad spectrum acaricide that will 
act simultaneously on all damage causing stages of the 
four species of mite. Developnu’nt of a sprayer system 
that will [penetrate all the layers in a bush hamper 
is also appearing to be an urgent necessity. 

G. Susceptibilities of Tocklai clones to pink 
and purple mites ; In view of increased abundance 
of pink and purple mites, susceptibilities to 'I'ocklai 
clones rVl to TV 19 to these mites were assessed. 
I’he clones used in this study arc' comparable with res- 
pect to age and agn/rnanagement prq.ctices. Mite in- 
cidence was recorded eveiy month fr/ m lOO randomly 
selected leaves of each clone: the overall incidence 
at the end of main period of infestation on an unit 
of 10 leaves is shown in Fig. 6.07 and 6.08. Because 
of sea.sonal variation in the number of mites on each 
clone, a broad generalization is not possible, but as 
Figs 6.07 and 6.08 show, clone to clone variation in the 
number of these mites may not be as wide as in the 
case of n'd spider. It Ls interesting, however, that under 
identical conditu r.:; incidence of pink mite is high 
on each clone than that of purple mite. 


iSiii 
14 xi 
lid 
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CLOWC MUMICM 

Fit 6.07. Suiceptibility of Tocklai clones 
to Pink mite 



Fig 6.08. Susceptibility of Tocklai clones 
to Purple mite 

D. Longer pruning cycle and mite incidence : 

C-oinparalive assessment of (he seasonal cycles of red 
spider, scarlet mite, pink mile and purple mite on 
tea under differential priming cycle i.e. impruned, 
top pniiK'd, medium skiffed and deep skiffecl, were 
made. Although the bushe.'; under four cycles of 
priming wert' not always comparable, it was possible 
to sample ad('quale number of uniform bushes under 
various cycle of pruning. Mite numbers varied and 
fluclualcd characteristically with each .specie^. On 
medium skiffed tea, n'd spider population reached 
its maximum in April at a level not achieved on bushes 
having other forms of priming, but the second jieak 
in November was almost of the same magnitude 
on all teas except the top pruned ones ( Fig. 6.09 ). 
In the case of scarlet mite (Fig. 6.10) overall incidence 



Fig 6.09. Susceptibility of Tocklai clones to 
Purple nfiite 



Fig 6.10. Incidence of red spider in relation to 
longer pruning cycle 
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was lesser than that of red spider, though the critical 
level was always maintained on all teas under differe- 
lial pruning. In common with red spider, the maxi- 
mum in the summer and autumn peaks in this mite 
were well marked only in top pruned tea, while on the 
rest, a nearly steady population level was maintained. 

Pink mite populations were remarkable for their wide 
variations (Fig 6.11) and the peak in July was at 
its maximum on unprum^d tea, followt'd by deep 
skifl'ed, medium skilled and top pruned tea in that 



Fig 6.11. Incidence of pink mite in relation to longer 
pruning cycle 

orcler. It is also interesting that pink mite popula- 
tion in general (exce[)t deep skilled lea in January) 
was at low level of abundance, before* July, and at 
a higher level after July, Curiously enough, li'r some 
inexplicable reasons, purple mite peipulations re- 
mained relatively at a lower level than other mites 
and it maintained a near steady level on all leas (Fig 
6 . 12 ). 


UNPRUNEO TOP PRUNED 

MEDIUM SWFfEO* - DEEP SKIPPED 



Fig 6.12. Incidence of purple mite in relation to .’enjer 
pruning cycle 

It is thus plausible that interactions between pru- 
ning cycle and the foliar volume resulting from various 
cycles, influence the dynamics of mite pest populations. 
Climatic factors could also intensify or reduce the 
effects of the pruning cycle on pest build up. This 


may require flexibility in the schedule of acaricidal’ 
spraying. 

F^. EiTects of foliar applications of nutrients 
on incidence of mites ; 'Fhe effccLs of plant nutri- 
ents on the incidence of mites was a.sscssed from 50 
randomly selected leaves from each of the following, 
treatments. 

A. Urea (al tJ kg/ha 

B. Potash 8 kg/ha (MOP) 

Ch Zinc (ZnSo^) 5 kg/ha 

D. Urea 4 Potash (4 kg 4-8 kg/ha) 

F. Urea 1 Zinc (3 kg-|-5 kg/ha) 

F. Control (No treatments) 

Incidence of different species of mites was assessed’ 
from leaf samples drawn in April, July, August, Septem- 
ber and December; the indica t ions are : 

1. Red spider- -application of urea increased its 

infestation, while zinc and zinc 4- 
urea lowered the trend. 

2. Scarlet mit() — potash and zinc reduced the inci- 

dence. 

3. Pink mile —urea, potash, urea 4-potash, and 

urea4-/.inc reduced incidence 

4. Purple mite -urea, zinc and urea-f-zinc redu- 

ced incidence. 

It must be noted that although nutrients reduced 
the incidence of mites, in no way did they control 
the mites; iiuh'cd the dainiging level was persisting 
in all trcatmei»is. 'This study, bov.cvcr, shows that 
bush health may cause some reduction in the alxsolule 
numbers of mites, though how long the effect v/ould 
last was not clear from this ex|K*rimenT. 

TEA LEAF DF.FOLLVl OR 

A. Looper caterpillars : 4 he loop(*r Buzura 

(Bistofi) suppressaria (Juen is a major defoliator of ma- 
tun* tea. d'here is well marked variation in the 
duration of the life cycle of the pest (Table 6.03). In 
the first brood (March to May), the cycle is comple- 
ted in about 72 days as against 60 days in the second 
brood ( Juue-Ju!y). Although, because of bacterial 
contamination, phenology of the remaining (wo broods 
could not he (’omplcted, it is possible that (he genera- 
tion build up of the post becomes quicker during 
the main flushing period to enable it to cause maxi- 
mum damage. It is worth noting here that a 
single female may lay 400 -1000 eggs. 

In the field, lea directly under shade tree is attac- 
ked more scvert'ly primarily because shade trees are 
the sites for oviposilion by the adult moths. In 
addition to Dalbergia assamica, Albizzia odoraiissimay 
A. chinensiSy and Denis robusta, Indigofera ieysmanii has^ 
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Table 6.03. Phenoloffy (f Icvfier, Buzura {BisUm) suftpre.ssaria Gucn 


Period 


Duration of different inslars 

(Days) 



Mean duration 
days of 
life cycle 

period (days) I 

II III 

VI 

V 

VI 

Pupa 

1st Br(K)d (March-May) 
2nd BrotKl ( junc-Jiily) 

14.5 (i.O 

13.0 5.0 

5.5 6.0 

3.0 2.5 

4.0 

4.0 

4.0 

4.0 

13.0 

10.5 

19.0 

18.0 

72.0 

60.0 


been recorded as preferred sites for oviposition. 'I'lic 
newly hatched cati*rpillars do not feed so much on the 
foliage of Indt^ofera leysmanii as they do on other shade 
trees. As caterpillars come down to tea immedia- 
tely after hatching damage to lea under this particular 
shade could be vt ry severe. 

Sampling of field populations of looper shows that 
the caterpillars are parasitized by a braconid (Apan- 
teles taprobanae Q^imcnm) , and the puj^ae by a diptera 
{SarcophaQus sp). Tlic braconid feeds inskh, the body 
of the early stage caterpillar, and on fourth/fifth inslar 
stage it develops into a pupa. Loopers having para- 
sitized cocoons on their bodies were found on Al% 
ol the bushe samples studied, dhe^ actual number 
of cocoons varital between I and 7 \i r bush. In the 
laboratory, from a single cocoon 22 to 100 parasit(!s 
emerged to attack the early instar loopers made avail- 
able to them. I’he population of these parasites was 
at its maximum in May. It possibly jjlays a major 
role in the natural regulation of looper population. 

SAP FEEDERS 

A, Tea Helopeltis : Tea hclo|)eItis causes long term 
damage to bushes by sucking out the sa|) from pro- 
ductive shoots. One of our experimiMits shows the 
loss from this pest could well be in the region of 30,000 
kg of rnach- tea from about 133 hectares ol tea i)lan- 
talion. Infestation records on two rocklai and two 
non- Tocklai clones show ( Tal)le 6.04) that because' 
of its suc culent leaves 4 VI bushes art: most preferred 
hosts for this pest. 


Table 6.04. 

Rflatiie inc'ulftire of tea Helopeltis on some clones under 
( oniparnble conditions [n 3.)) 

CUnnes 

Average .shoots inlested per hush 

TV 1 

81.71 

rv 9 

3(i.l3 

Dehin^ 13 

45 . 53 

Keyhung 1 

44.70 

^3^3 

19.59 


Once the slioots ar'e damaged, the symptoms deve- 
lop within 2-3 hours. At the incipient stage, a light 
brown spot appears at the point of sucking, which 
gradually develops into an irregular patch. A single 
late instar nymph is capable of producing about 80 
such spots in 24 hours. In one experiment, a single 
nymphs pnxluced 341 damaging spots in ten days, 
damaging 17 tender shoots in the process. It is thus 
possible that only a few Helopeltis adults/nyrnphs 


could cause the damage of consequence within a short 
period. 

Adults lay c'ggs on tender stems between frr'st and se- 
cond leaf, and ort the petmleof the first leaf, occasionally 
on midrib. Eggs are laid in rows of three or four: 
sometimes more eggs remain embeded in plant tissues. 
A single female lays about 25 eggs (range 14 to 30), 
and the life cycle is completetl in 15 days in summer 
against 30 days in winter. 

Trials with several new insecticides show that if 
Helopeltis is a(le(|uately controlled it invariably leads 
to a significant increase in the number of productive 
shoots in the tea bush. 

13. Thrips : Thrips are majen' sap feeders in the 
Dooars, where following tire adoption olTonger [pruning 
cycle their numlx'is havi' incrc’ased considerably. 
The relative effects ol' dilTerential pruning on the abun- 
dance of thrips were assessed under the I'ollowing 
conditions of ])runing : 

1. Fight skill 

2. LevelotT skilf 

3. Deep skilf 

-I. Pruru' 

Al)undarice of thrips varied seasonally with the 
degree' of pruning. 13y and large, pruned tea was 
least alfi’cled, and the inli'slation was maximum on 
skilled tea. At the jreak lev('l of inli'station, i.e. 
around Jime-July, then' was no significant dilfercn- 
ci: in the ovc'rall po|)ulalion of thrips on any form of 
skilled t('a. Abundance of thrips may well he a function 
of foliage abundance, though the elfect is jiossibly 
confounded witli intrinsic rate of multiplication of the 
insects 

C. Scale insects : Seasonal population cycles and 
levels of infestations of (dirysomphalus ficus, Aonidiella 
aurautii. Pail atari a prolcus, I Icunherlcsia laianae, Pinna- 
spis Ihear, P'inriiiia Iheac and Aspidiotus desiruclor on clones 
'TVl, TV9 and C3P1 were evaluated. Although levels 
of infestations by these scales varic'd on the clones, 
in all species, irresp('ctive of clom's the ()Oj)ulation pciik 
was reached in December. This is interesting con- 
sidering that the seven species of scales are neither 
.synaptic nor sympatiic. 

Phenol(\gical studies show that during Aj)ril May the 
duration of the crucial immature stages of Parlatoria pro^ 
tens is approximately 30 days, and 35 days for that of 
Velala^pes serrulata. Since insecticides can easily penetrate 
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throuji^h the soft shells of immature stages, the duration 
and timing of their appearance arc of utmost impor- 
tance in developing spraying schedules against this pest. 


In field trials application of four rounds of 0.18% 
Endosulfan 35% EC significantly stopped the forma- 
tion of new gallorics i.e. infestation spread was contained. 


COCKCdlAFER 

The incidence and degree of attack oi' cockchafers 
on two and three year old clonal plants, and two year 
seedlings, were studied in the Dooars. For each 
treatment 100 plants were (examined. Results ('Fable 
6.05) indicate initially there may not be a signilic'ant 
difference in the intensity of cockchafei attack, but 
with time, infestation level increases on clonal plants. 

Table 6.05. Hx tent and intensity of cockchafer damage in the Dooars 

Mran lui. «)t ^t uhs/ Avt iagc drgrre ol 
Treatments plant (around collar inlestation 

region) 


Oboervation on 24.6.77 


2 year clonal ijlant 0.00 0. IT) 

0 year clonal plant 0.09 0. 11 

2 year seed plant 0.07 0.15 

Observation on 22.7.77 

2 year clonal plant 0.02 0.37 

3 year clonal plant 0.01 0.19 

2 year sec'd plant 0.03 O.IO 


SHOT HOFF iK)Ri:R 

A survey ol' tlie distribution and abundance of 
shot hole borer shows the involvement of the follow- 
ing three species. 

1. Xyleborus fortiicalus Eichh. 

2. Xyleborus piceus (Mots) 

3. Xyleborus approxitualus Seh. var. 

'I’he habitat and mode of attack of these three species 
vary, showing in each case, intrinsic character- 
istics and biohagical requirements of the s|)ecies 
(Table 6.06). A'. Jornicatus attacks thick braiicht's 

Table 6.06. Distribution of three species of Xvlehorus in different zones of 
lea bushes 

Physical 

condition rrnnic dollar 

“ bnsli /one 

Watcrloggc-d A’, ficeus 

Non-watc-rloggcd A', appro Khnatus X. approxiniatus 

X.fornicatus X.fornicatus 


Root 

zone* 


A', pieeus 


on the frame, and rarely collar region of non-waier- 
logged tea. X. piceus, on the other hand, attacks the 
collar region and roots of waterlogged tea, and X. 
approxiniatus prelers thick partially dead branches 
and collar region of non waterlogged tea. 

On infested bushes, the beetlv- population may be 
high in the region of 240 — 400 beetles per bush. All 
the three species excavate tunnels within the bushes. 


SHADE TREE PESTS 

Green aphis : (Treen aphis, Alegousoparsus dooarsis 
Ghosh and Roychoudhury, is a p(!st of Indigofera te- 
ysrnanii. Freshly ernergtxl nymph moults four times 
bef(>re becoming adult. 'I’hc duration of life-cycle 
occupies G 9 days in April -May. 

Asst^ssrnents of green aphis populations were made 
at monthly intervals from the count of aphis on eight 
randomly sch'cted shoots drawn from 25 plants. 'Fhe 
data show that the population starts building up Ironi 
February, reaching the peak in March, and from April 
onwards it declines to a low level of abundance (Fig 6. 13) 



Fij 6.13. Incidence of Green aphi& in different months 

B. Survey of shade tree pests : A [)r(liminary 
survc'y of shade trt'c pests was made* in the Dooars. 
It shows that green caterpillar, Rhesala moestalis is 
prevalent on Albizzia (hinensis and A. odoratissima when 
they are of I ycNir to I yi'ir old. Plant lice (Psyllids) 
on A. chineusis and .1. procera in the age* of group 1 to 
3 years; (iatopsillia crorale on Ciassia siamea of 1 to 3 
years an.l the Membracid, Oxyrachis larandus knx A. procera 
between 4 and 10 years are cranmon. Shade trees up 
t(.) 5 years ol age are most susceptible' to prsl attack. 

'Fh(' incidence' of pests on dilferent spec ic^s of shade 
trex's in Assam is shewn in Fig 6,14. A scale, Coccus 



Fig 6.11. Incidence of pests of different species of 
shade trees 
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elongatus is on increase on Albizzia odoralissima. All 
these pests are not common at any point of time on a 
particular shade tree : this suggests a diversity in 
the infestation by these insects on different species 
of shade trees. In young (1-4 year old) shade trees 
{A. odoratissima A. procera, A. moluccana, A. chinensis 
Mnd Indi gofer a leysmariii)^ Coccus elongalus Rhesala moestalisy 
Megousoparsus dooarsis and Deiradoleus moralus were 
the main pests. 


NEMATODES 

A. Effect of soil heating on root knots : Soil 
heating to kill nernatod(*s in nursery soil has been tried. 
Sieved and pulverised sandy loam soil, having high root 
knot population, were treated at 60 — for 4 — 5 
minutes. As soon as the .soil started steaming, it was 
turned to ensure uniform heating. I’he tn^ated soil 
• was kept in pots in which tea seedlings were planted. 
A set of another pots with unheated soil was also 
planted with tea seedlings (control scries). 90 days 
after the plants were uprooted, the root^^ were washed 
clean and examined. ^ 

Results (Table 6.07) show that in preheated soil 
nematodes hiiled to infest the seedling : indeed popu- 
lation did not sui*vive in the tr(‘ated soil. 

Table 6.07. Kffcrt of soil heating on root-knot nematode infestation of tea 
seedlings 


Dcirrcr of Nutiibcr of Perccnlage of 

Treat nicnt infestation galls/plani root infcsircl 

(Mean of 12 n^pliralions ) 

Heated soil 0 0 0 

LJnheated soil 2.5.') 2() 70 


B. Biology of Paratylenchus sp. : l ea s(‘(‘d- 
lings, raised in steam sterlised sandy loam soil, were 
inoculated with 1000 Paratylenchus sp. per plant : there 
were 12 replications of one seedling in each pot. Another 
set of 12 pots with non-inoculated seedlings was kept as 
control. A third set of pots, without any plant but only 
with Paratylenchus sp. was kept. 

After 90 days, all the plants were uprooted, and 
their heights and weights were measured. I’he soil 
samples from the three sets of pots were also proces- 
sed for Paratylenchus population. Data (Table 6.08) 


TeJjIc 6.C8. Effect of Paratylenchus on groirth of tea secdUnqs 


Average plant 
'rrealinents height 

etn 


1 Paratylenchus 

4 plant 22.4 

2 Only plant 22. B 

3 Only Paratylenchus — 


Average plant Average \e- 
weight matode popu- 

lati<m/l()() gm 
gni of soil 


3.95 900 

4.00 

— 480 


show that infestation at the density level tried (1000/ 
plant) failed to cause any signiheant decline either 


in plant weight or plant height. It is also interesting 
that in the presence of seedlings, the population was 
maintained at a near steady level, whereas in the 
absence of seedlings it nearly declined to half. 

C. Effects of different soil types with diffe- 
rent soil pH on Meloidogyne infestation in tea : 

Silty loam and silty clay loam soils, having pH of 4.0, 
4. .6, 6.0 and .6. .6 were kcf)t in pots and planted with 
tea seedlings. Each seedling was inoculated with 1500 
larvae of Meloidogyne incognita. 90 days la ter, the inocula- 
ted seedlings were uprooted and their roots were exa- 
mined for Aleloidogyne infestation. 


Table 6.09. Effects of different soil types with ififfci ent sod pH on infestibi- 
lity of At. incognita on tea. Results based on means' of J 2 
replications 


.Soil (yj3f* 

Soil 

PI I 

No. of 
gall per 
plant 

1 )t‘gree 
of infes- 
tation 

No. of 
('Kg mass 
p('r 
j)laril 

*/o 

roots 

infested 

Average 
('KK out- 
put 

.Silty 

4.0 

11.2 

2.43 

8.4 

00 

1 .ow 

clay 

4.5 

12.5 

2.02 

10.0 

(iO 

Mode- 







rate 

loam 

5.0 

23.0 

2.44 

14.0 

tiO 

Moderate 


5 . 5 

8.0 

1.31 

4.5 

30 

I .ovv- 







Moderatc 

Silty 

4.0 

13.7 

1.04 

10.4 

33 

Low 

loam 

4.5 

12.0 

2.33 

10.0 

()() 

M{Klerale 


5 . 0 

19.0 

3. 0 

19.0 

70 

Modeiate 


5 . 5 

17.25 

3. 0 

18.2 

0)9 

Moderate 

In both 

silly 

le)am 

and silty day 

loam 

st)ils, anti 

at all pH 

range'? 

>,the nematode: 

s multii)lit'd and infested 


root tissue nearly at the saiiK! rate. However, th(‘ 
number of ('gg masses and egg output at pH 4.0, 
in both types of soils, were relatively low. Irrespective 
of the variation in pH, the nematode activity i.t'. the 
number of galls per plant, degree of infestation, egg 
masses per plant and egg output, were comparatively 
more in silty loam than in silty clay loam soil. 

TOXIC:OLOGICAL STUDIES WITH NEW 
PESTICIDES 

A. Growth inhibiting insecticide : Benzopheny- 
lurca (Dimilin 25 W), which is an inseciicidc cum 
growth regulator, has been evaluated against two h'pi- 
doptcrous pests i.c. looper [Buzuria (Bislon) suppressa- 
ria) and bunch caterpillar ( Andraca bipunclala walker). 
Dilutions used for looper Buzuria {Bislon) suppressaria ) 
were at 1 part in 250 and in 500 parts of water by 
volume'. The mortality after 96 hours was 62.5 per 
cent in both the dilutions. In case of bunch caterpillar 
{Andraca bipunctala), the mortality recorded afer 96 
hours of treatment at dilutions of 1 in 500 and 1 in 
1000 parts was 75% and 50% respectively. The 
growth rate of surviving caterpillars was slow, and 
some failed to develop into next instar. Further 
studies are in progress. 



Annual Scientific Report For 1977-78 


53 


B. Plant based insecticides : Tlirce insecticides 
of Plant origin developed by Regional Research 
Laboratory, Jorhat, under the code names CP- 1, 
S-2 and S-3 were tested on bunch caterpillar 
(Andraca bipunctata) to study the insecticidal properties 
of these compounds. Dilutions used were I in 250, 
1 in 500 and 1 in 1000 parts water. None at the 
dilutions mentioned gave satLshictory control of the 
caterpillars. Expcriinents will be continued using 
other pests. 

Two newly developed, less hazardous, but extreme- 
ly potent insecticides, Siirnicidin and Bioresmethrin 
were tested against bunch caicrpilLsr {Andnca bi- 
punctata) at difi'erent dilutions oi’ 1:10 JO, 1:2000, 
1:4000 and 1 : 000. Mortality reeorde l after 24 hours 
of treatment was nearly 100 per c(‘nt at all the dilu- 
tions. Further experiments using pests (Uher than 
bunch caterpillars are in progress. 

Experimental acaricide : Preliminary study has 
been made with four NCJL pesticides, derived from 
Carene containing cyclopropane ring, to find out 
whether they will have any ac r. i :i hil propertie; at 
0.5”,, and I”,, concentrations. All these chemicals 
when sprayed with acetone solvents, showed strong 
aca r ic ida 1 pr( )pe r t i es . 

Bioeffectiveness of Ethion 50 E.C. manufactured 
with NCiL technology was assessed against re:l spider 
mite [Olioonychus coffeae) at a dilution of 1 in 500 
patts wa.'.er by volume. Mortality rate of the mite 
after 96 hours of af)plication using this formulation 
was compared with that of standard Ethion. 'Phe 
results were comparable. 

Dicofol manulaclured by Hindustan Insecticides 
Ltd. was tested on red s|)id(*r mite {Oli^onychus co- 
Jfcae). Th(‘ ellicacy of this acaricide was at par with 
other standard Dicofol formulations. 

SCREENING AND EVALUATION OF 
PESTICIDES 

A. Red spider control ; Six new formulations of 
Ethion and Ekalux 25 EG were tried against red spider 
at a standard dilution of 1 part in 200 parts of water 
by volume. Etlicacies of these formulations in con- 
trolling the mite varied, although the percentage and 
composition of active ingredient in all the formulations 
of Ethion were the same. It is possible that auxi- 
liary materials in the fcrmulations affected the over- 
all biotoxicities of these formulations. IT.alux gave 
abcul 57% control of adult mite.'>’, and performance 
of the Ethion Ibrmulations varied between 47”,, and 92% 
in different cases. 

A now acaricide, Acrex, was used as palliative 
against field populations of red spider, along with four 
new formulations of Tetradifon. They were sprayed 
at a toxic level of 0.05% and 0.04% : all gave good 


control of red spider. In a second series, a new for- 
mulation of Teepol was added to Acrex and Tetradi- 
fon formulations : in both cases performance of the 
acaricides increased with the adjuvant. 


B. Purple mite control : Two formulations of 
Ethion, Cyanotox and Fedion were tried at 1 :200 
against purple mites in the Dooars. Pre-treatment 
counts show litdc variation in the numbers of mites 
in different plots and a near uniform distribution. 
Post treatment counts on fourth day and one month 
after the application of acaricides is shown in table 
6.10. All the formulations were nearly equitoxic 
and the cumulative mortality at the end of four 
weeks was lairly high. 


Table 6.10. of aorne acaricides on purfrle mite 

No. of purple miles per 50 leaves (Mean of 3 replication.s) 


Treatments 

Pre-treatment After 4 d.iys 

After 1 month 


eo.inl of treatment 

of treatment 

A.sated 

162 

23 

4) 

Asakel 

-X, 176 

13 

43 

Asathiou 

\ 196 

15 

38 

Ethion 

'165 

18 

32 

( 'yanotftk 

iH5 

:i8 

54 

I erlion 

16> 

54 

32 

Control 

177 

164 

73 

Mean (M). 

Not sit^nificanl 

65. ;h 

11.66 

CV ‘V, 

21.48 

7H.9li 

15.53 

C. Looper caterpillar 

control 

! KiT'ctivencss of 

Ekalux EC 25, Elsan 50 EC 

, Cidial 

50 KC ant) Thio- 

nex 35 EC 

were evaluated against populations of mi.xed 

looper in 

stars. Each insecticide was sprayt' 1 with 

a mist bl 

f)wer at a bl inket 

rale of 

1.25 liters in 200 

liters of water per hectare. 

In a 

; ‘cond series, Di- 

milin was 

sprayed at two 

dilutions 

i.e. 0.8 kg and 

0.6 kg t(i 

► a lu'ctart*. All 

thes(' insecticides, except 

rhiomw. 

gav(' s uisfat'tory control of loopers (Table 

6. 1 I ), thou 

igh from this stud) 

' the diflerential responses 

of the caterpillars in various stages 

of growth could 


not be sorted out. 


Table 6.11. Coot fxira tire efluacy oj different insecticides aitainst looper 

caterpillars one week after application of insecticides 
Date of spraying 27.5.77 
Kquipni('nt — Mist blower 



(JbseiA ations after 

1 week 

Tre.atmenls 





Eivinej population oflooptr 

% reduction 


per 20 plants 

over control 

Elsan 50 EC 

15.00 

84.4 

Cidial 50 EC 

21.33 

77.9 

Dimilin 25 WP 

10.67 

88.9 

Dimilin 25 VVP 

20.33 

78.8 

Ekalux 25 EC 

9.33 

90.3 

riiionex 35 IT.’ 

82.33 

14.7 

Control 

96.67 


Lost significant 
diffcrc ire at P 

0.05 44.48 



D. Helopeltis control : In assessing the effec- 
tiveness of Elsan 50 EC, Ekalux EC 25, Nuvacron 40' 
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WSC and Endosulfan 35 EG against tea Helopeltis, 
the increase in the number of pluckable shoots follow- 
ing the control of the pest was assessed. Each insecti- 
cide was sprayed at dilutions of 1 in 200 and 1 in 400 
parts of water by volume using an ordinary power sprayer . 
44ie increase in the percentage of unatfected shoots, 
one month after the insecticidal treatment, for each 
insecticide is shown in (Table 6.12). 


Table 6.12. Increase in productive shoots following control of Helopeltis 
one rnmtk after treatment 



Mean number of unpunctured shoots 




Percentage of 

Inseelicides 

Pre-treatment 

Post-treatment 

increased shoots 




over pre-treatment 




count 

Kkalux 

59. b7 

560.00 

830 

Klsan 

55.33 

499.33 

803 

Niivacron 

56.00 

457.33 

717 

Encltwulfan 

66.67 

407.67 

631 

Control 

119.67 

489.67 

309 


It is interesting that in one series, i.e. in non-trea- 
ted control, production of shoot also mcreasetl by 
300% : this possiljly happened beciy^se ol drift ol 
the insecticides from treated to non-tr/ated plots which 
were nearly contiguous. 

E. Termite control : Endocel 35 EC, Cidial 50 
E(", X factor and Dursban 20 I'X" at a blanket rate 
of 10 liters per hectare were evaluated againstAZ/rro- 
cerotermes. 'I’he insecticides were applied to bush 
frame following removal of earthen runs. All these 
treatments kept the bushes free of termite damage 
for about a year, though actual reduction level e.f in- 
festation was in the region of 60% ( lablc 6.13). It 
is possible that at tliis level of population termite dam- 
age is minimal. 

Table 6.13. Comparative efficacy of different insecticides against termites 

Observation after 1 year 

TVeatments — ; 

Avfiagc degree of % n-dm tion 
infestation per plant over control 


Endocel 35 EC 

0.22 

60.71 

Cidial 50 EC 

0.22 

60.71 

X-factor 

0.26 

53.57 

Dursban 20 EC 

0.20 

64.28 

Control 

0.56 

— 

Least significant 
.difference at P^ 0.05 

0.26 




F. Cockchafers control : Palliative treatments 
against cockchafers in young tea were given using 
Ekalux EC 25, Elsan 50 EC, X-factor, Thimet lOG, 
Furadan 3G and Endosulfan 35 EC. All insecticides, 
except rhirnet and Furadan, were applied at a dilution 
of I j)art in 500 parts of water by volume. 4'himet and 
Furadan were used at 10 gm per bush. Assessments were 
made three months after the application of the insecti- 
cides, to find out the degree of attack. Results (Table 
6.14) show that even after three months all these insecti- 
cides significantly reduced the degree of cockchafer 
attack and the number of bushes attacked were also 
low. 

Table 6.14. Effect of chemicals on cockchafers 


'Treat rnents 

% bushes attacked 
(Mean of 3 replications) 

Degree of attack 
(Mean of 3 repli- 
cations) 

Ekalux EC 25 

8.33 

0.08 

Elsan 50 i: C 

16.68 

0.20 

X’ factor 

14.67 

0.18 

Thimet 10 C 

16.67 

0.20 

Furadan 3 Ci 

10.02 

0.14 

Kntlosulian 3.5 1 

C 11.67 

0.18 

Control 

25.00 

0.33 

Mean C. 1). 

10.72 

0. 15 

c.v. % 

40.91 

47.37 


G. Nematode Control : Prophylactic control trials 
against parasitic ncmatcKh s in tea nurs a y using 
DBCP, rhirnet 10 G, Tcmik 10 G and Mocap 10 G 
were carried o.nt. DBCP was ajrplied by an inj:".ctor 
gun, whil(“ the granular nernatocides we re broadcast 
over the area arid forked into the soil. Year after 
the iieatment the seedlings growing in the plots wei'e 
uprooted and final observations made. 'I'he data 
are presented in 'Fable 6.15. 

DBCP was most cfTcctive because the degree of 
infestation and number of galls per plant were signi- 
ficantly less in DBCT treated plots than in other 
treatments. The pei'ccntage of transplantable plant, 
and of celworrn free seedlings, and the green weight 
per plant were significantly more in DBCP treated 
plots than in other treatments. 

The percentage of transplantable plants were signi- 
ficantly more in Thimet treated plots than in plots 
treated by Tcmik and Mocap. 


Treatments 


Table 6.15. EJjicacies of different nernatocides against root-knots 


Degree of infesta- Number of galls/ Percentage of trans- Percentage of eel- Green wt. per 
tion per plant plant plantable plants worm free seed- plant (g) 

lings 


Mean of 4 replications 


DBCP @40 1/ha 

Tcmik 10 G @ 90 kg/ha 

Thimet 10 G(®, 20 kg/ha 

Mocap 10 G 100 kg/ha 

Control 

0.35 

1.37 

1.28 

1.08 

1.33 

2.83 

9.46 

9.33 

9.03 

10.82 

91.47 

60.30 

74.38 

72.07 

67.12 

77.05 

32.25 

36.27 

39.48 

31.23 

69.63 

36.81 

42.24 

44.30 

37.37 

Least significant difference at 

P= 0.05 
•C. V. % 

0.28 

17.23 

3.60 

28.54 

11.96 

10.66 

9.45 

14.22 

13.14 

18.51 
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The degree of iiifestalion was significantly n.ore in 
Tcmik treated plots than in plots treated with .. (cap 
and I'himet. 

There was no significant difference in the efficacies 
of Teinik, rhiinet and Mocap in so far as nurnlier of 
galls per plant, green weight per plant and percentage 
of celworm free seedling were considered. 

'The final levels of celworm populations in the trials 
are shown in table 6.16. 

Table 6,16. Nematode population levels following nematicidal treatments 


'rrcalnients 

Population/ lOOg 

DBC.P 

l.'j 

Teniik 

25 

rhimet 

30 

Mocap 

40 

Control 

55 

Me an C. D. 

31.21) 

1 i. V . 0 

til .3(i 


In respect of celworm pojrulation, only DHCF pro- 
ved to be superior to control. 

In a palliative control trial against root knot nema- 
todes in tea seedlings in sle(‘V(‘s, using 'I’emik 10 G 
(a I g and 0.5 g per plant, Mocap M) G (u' 0.5 g per 
plant and Furadan 3G (a 1 g per pl.ml, more' trans- 
plantable plants were obtained from blocks trc'atcd with 
Tcmik 10 G (// 0.5 g ])er plant. Further trials are in 
progress. 


STUDIES ON PESTICIDE RESIDUE TOLERANCE 

Wet and Dry weather samples of manufactured 
and sun-dried tea treated with Cythion 50 EC. (Ma- 
lathion) and ICkalux l-^C 25 have been processed for 
residue analysis. Results are awaited. 

QUALI I Y CONTROL OF PESTICIDES 

Quality control .studies on different formu- 
lations of 27 acarieidcs and 7 insecticides received 
from a number of' tea estates were made and reported. 

PESriCIDE CERITFICATION 

14 Certificates of approval were issued to various 
formulations of plant protection chemicals. 23 Certi- 
ficates were revalidated after bioassay studies. Agree- 
ments wtTC made for formal testing of 31 formulations 
of various pesticides. 

ADVISORY SERVICES 

Soil sampk\ and pest damaged materials were exa- 
mined and rep^)ris wen* eoininunicatcd to the (^states. 
Out of 2300 soil samples about 1 1 5% were found 
unsuitable because of high celworm population. 

GENERAL 

An extension of Phitomological laboratory has been 
set up in the Dooars to deal with regional pest prob- 
lems in th(^ D(joars, lerai and Daijeeling. 





High degree of black rot control was achieved by applying 
fungicides to infected bushes in the year of pruning. 

Power sprayer can be used for elective control of red rust, 
with 1:100 dilution of copper fungicides. 

Nickel chloride is practically ineJIective in controlling blister 
blight during the spells oj heavy rains; it is also less efficacious 
even when used in combination with a standard copper fungicide. 

The Charcoal stump rot fungus, Ustulina zonata has a high 
cellulolysis adequacy index, which indicates its ability to survive 
irrespective of the nitrogen status of the soil: it is incapable of 
utilising nitrite as a source of nitrogen. U. zonata is capable 
of withstanding high grade interfungal interaction. 

Armillaria mellca, the root split disease, was reported 
from some more estates in Darjeeling. 

Application of copper oxychloride, metham sodium, endosul- 
fan, simazine, diuron, and nemagon to soil in the laboratory 
showed a spurt of growth of micro organisms }w./ucg high .sapro- 
phytic ability. Ilyphal lysis and abnormal swe rings were also re* 
corded in some. Highly tolerant forms havl aiso been encoun- 
tered. 

Application of commercial biofertilizers in a look-see trial 
has indicated positive response in certain clones but not in other 
clones. 


Fungicides 

During this year fifteen formulations were tested for 
their efiieaey in control of red rust, black rot and blister 
blight. Of these, four fungicides were claimed to possess 
better sticking and wash-resisting properties. Three 
ol these were tested against red rust and black rot. 'The 
fourth, “Oleoc'op”, was not used being an oil b.as('d 
formulation, it requires dispersal with a diluent oil, thus 
creating the problem of tainting and phytotoxicity. 

Red rust 

I’wo scries of experiments were conducted. One 
was mainly aimed at evaluating more tenacious fungi- 
cides under wet conditions prevailing during the acti- 
vely disseminating phase in the life history of the organism. 
Hand operatial sprayers were used for spraying these 
fungicides. 'The second series was utilized to study 
the influence of low concentration ol’ fungicides using 
power spmyers. 

"This year it rained almost everyday during the sporu- 
lating period of the alga, d he development of spore 
bearing sporangial structures was rather sporadic and 
real heavy incidence of the disease was rare. However, 
the climatic conditions were ideal for the evaluation 
of fungicides which are claimed by their forrnulators 
to be rainfast. Hence three .such fungicides viz- Fycol, 
Flowable Copper and Copper Oxychloride with alumi- 


nium hydroxide, were tested along with few other fungi- 
cides in two experiments carried out in two difterent 
gradens. 

The first experiment was laid t)ut in an unshaded 
young tea area at 'Tocklai, planted in 1970-71 at 120 x 
90x60 cm spacing. The following (reatrnents w(‘re 
randomized in four replications, eac h rejflication consist- 
ing of five plots of 36 bushes i.e. 2 rows of 18 bushes 
each; 2 rows of guard lines were lelt in between the 
plots, to eliminate effects of spray drift. 

Treatments 

1. Copper oxychloride with Aluminium 
hydroxide 0.25% 

2. Blitox 0.25% 

3. Flowable copper 0.25^’^, 

4. lycol 0.25‘;/ 

5. Control 

In this Blitox was considered as standard. 4 appli- 
cations were made; starting from 20,4.77, the first two at 
fortnightly interval, and subsequent ones at monthly in- 
tervals, the last round was on 29.6.77. Hand operated 
Bakpak sprayers were* used. The degnx' of overall 
control was assessed by bush to bush examination of the 
experimental area and the results are given in Talile 
7.01. 

Table 7.01. Degree uf red rust iri/eetion f)er hush nod fH'rcentage of the 
disease control {mean of 144 bushes). 




l)( 7 .Tr(‘(' of 

‘■o reduction 

Tn-atint'nts 

Rat(‘ 

intcc tion 
])vr bush 

ov(‘r control 

Copprr oxychloriik- 1 
Aluminium hyciroxidt* 

1 ;100 


59.82 

Blitox 


0.33 

70.54 

Flowable eopj^er 


0.42 

02 . 50 

Fycol 


0.57 

49.11 

Dnsprayrd comrol 


1.12 


CD at F -- O.Of) 

cv % 


0.29 

32.21 



The degree of infection per Imsli in sprayed plots is 
significantly lower than in control phjts but there is no 
significant difference amongst the fungicides tested. 
However, when interpreted into percentage Blitox gave 
70.54% reduction in disease, taking control as no reduc- 
tion (lOO^o attack); while flowable copper 62. 54^’;,, 
copper oxychloride f aluminium hydroxide 59.82 
and Fycol 49. 1 1 Earlier, various dilutions of Fycol 
were noticed to cause burning of the leaves when 
bright sunshine followed spraying. No such observa- 
tion was possible this year as rainy or cloudy weatlua' 
prevailed after each spraying. 

The second experiment was conducted in a commer- 
cial garden in Titabar circle, where heavy infection of 
the disease was recorded in 1969-hedgc-planted (120x 
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90 cm) and not-loo-wcll-shadcd area. Fytolan was used 
in place of Blitox, as standard fungicide. Anotlier fungi- 
cide, K.ishan, a copper oxychloride lorniulcition, was 
also included in this trial, making altogether six treat- 
ments, including the unsprayed control in this experi- 
ment, which was laid out in 4 blocks, consisting of 6 
plots of 27 bushes each. All the treatments were imposed 
with hand operatetl Bakpak sprayers using a 1 in 400 
concentration of the fungicide concerned. 4'here were 
4 rounds of application, as in the j^receding experiment, 
the first application was done on 6.5.77 and the final 
one on 15.7.77. 4 he results are given in table 7.02. 


Table 7.02. /h'^ree of Rtd rust hfeitinu f>n bush and peranla^e of the 
disease control {mean of 108 bushes) 





Mean inci- 

reduetion 


rrcatnicnts 

Rates 

dence per 

over control 




hush 


1. 

Flovvahlc copper 

:4()0 

0.25 

88.7 

2. 

Kishan 

:400 

0 . 38 

82.8 

3. 

Fytolan (standard) 

:'100 

0.42 

81.0 

4. 

Copper oxychloride ! 
Aluminium liydroxide 

1 :100 

0.44 

80.1 

5. 

r>. 

FyenI 

Control (unsprayod) 

1 :100 

0.51 

2.21 

70.9 


Cl) at p- 0.05 
(’V % 


0.4*1 

41.98 



All the fungicides tested significantly controlled the 
disease, the degree of control achieved in the second 
experiment was however, high because the incidence 
was higher when compared to the first trial. 

Different concentrations with Power Sprayers: 

This series of trial was intended to find out an effective 
dilution with a power sprayer for applying a recommen- 
ded fungicide. Two experiments w(‘re conducted. 

One experiment was carri('d out in a 6 year old, un- 
shaded, staggered double hedge ( 120x90x60 cm. ) 
planted tea, showing low degree infection. Blots were 
of 78 buslu’s (39x2 rows) and each treatment was 
repli('at(‘d 6 times with 2 rows of guard lines between 
the plots. Fungicides were applied in 2 rounds, on 
2.6.77 and 7.7.77 when the disease build up was noticed. 

Treatments 

1. Fytolan 1 : 100 

2 . „ 1 : 200 

3. „ 1 : 300 

4. „ 1 :400 

The results are given in Table 7.03 

Fytolan at 1:100 and 1:200 gave better control than 
at 1 :300 and 1 :400. 

In the other experiment, the same treatments were 
repeated in an area on one estate in 'Fitabar circle where 
the degree of infection was much higher. The area was 
hedge planted (120 X 60 cm.) in 1969 and was unshaded 


Table 7.03. Decree of infection of red rust per bmh with percentage control 



achieved {mean 

of 120) 






Mean deg- 

% reduction 


'Frealmrnt 

Rate 

fee of infee- 

over control 




tion per hush 


1 . 

Fytolan 

1:100 

0.53 

70.50 

2. 


1 :200 

0,50 

1)8.89 

3. 


1:300 

0.89 

50.50 

4. 


1 :400 

0.94 

47.78 

5. 

Control 


1.80 



CHat p - 0.05 


0.22 



CV % 


18.97 



and the bushes were in very [joor health. 'The tr(!at- 
nients were applied in 4 standard rounds between 6.5.77 
and 15.7.77. Plots were row of 25 bushes with 4 repli- 
cations. I’he results are given in table 7.04. 

Table 7.04. Mean degree of incidence of red rust per biLsh as qfjected by 
application of a standard fungicide {Fytolan) in diljerent con- 
centrations when applied with a fyower sprayer {mean of 100 
bushes ) 


• '» 

Concen- 

Mean tlegree 

% reduetion 

Fungicide ; 

trations 

of incidence 
per hush 

over contrl)! 


— 


— 

_ ^ 

Fytolan 

1:100 

0.17 

92.2 

1 :200 

0.07 

09.3 


1 :300 

0.1i5 

70.2 

Control (unspiayecl) 

1 :400 

0.95 

2.18 

.5<i.4 


CD at p 0.05 0.45 

C\'% 31.37 


Fytolan at 1 in 100 was significantly superior to all 
the concentrations tried and here the degree of inci- 
dence of the disease was higher than what it was in the 
preceding experiment. It would thus appear that 
1:100 dilution of a standard copper fungicide, sprayed 
with a power sprayer, can effectively control red rust. 
4'his has the advantage of lt)w chemical use and cjuick 
coverage as compared to standard application by hand 
opera t(‘d sprayers. 

Branch canker 

Two chemothcrapeutants are being studied for their 
ability to protect the pruning cut from infection by Porta 
in the plains. Bhey were applied in March 1975 imme- 
diately after pruning, on the pruning cuts. (Observa- 
tions till date suggest that Coal Bar (Indopaste) is supe- 
rior to the other product Pancil. T. 

An r. (4 T. coded product PB 395 was applied to heavy 
pruned tea in January 1974 in a garden in Darjeeling 
to test its protective action against Thorny stem blight 
Tunstallia aculeala Syn. Aglaospora. As the pathogen is 
a slow invading wound parasite, the observations will 
continue. 

Black rot 

During the season two experiments were laid out to 
screen different formulations against black rot in 
skiffed and nruned tea. Another exoeriment was initia- 
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ted to assess the efficacy of a standard formulation when 
applied with a power sprayer in different dilutions as 
compared with llie standard dilution with hand oper- 
ated sprayer. 

Screening 

On a garden in the Nahorkatia circle an area carrying 
youngish mature light leaf Assam tea, planted in 1959-60 
at a spacing of 150 X 75 ern, was found to suifer severe 
infection by black rot when examined in the preceding 
season. 'The area was light pruned during the 1976 
cold weather. H(*re, all the three fungicides supposed 
to be tenacious, with Kishan and a standard fungicide 
Fytolan were tried, d'here were altogetlua 6 treatments 
including the unsprayed control and each treatment 
was replicated 4 times, with 20 bush(‘s in each plot. 

'Two applications were made with a hand operated 
Bakpak sprayer, at fortnightly interval, the first round 
on 26.4.77 and the second on 10.5.77. The plots were 
se|)a rated by guard lines which r('ceivec/ th(' spray of the 
adjoining plot but were not observa/l for tin* disease 
development. Bush to bush observation was made on 
the d(*grec of iricidenc(‘ in the 0 -4 scale, as was done 
in the past and the results are presented in Talde 7.05. 


Table 7.05. Decree of hlark rot injhtinn per biLsh and percent a oe of diwase 
control {nunn of HO) 




1 )egree 

‘5, Infec tion 

redue'ion 

TrratrTK'nts 

Kate 

of in- 
fection 

with control 
as 1 00 

over control 

Fytolan 

1 ;4()() 

0.50 

16.1 

85. 9 

Copper oxychloride 

1 Aluminium 
hydroxide 

1 ;400 

0.25 

15.4 

Hti.ti 

Kishan 

1 :4()() 

0.51 

16.7 

85 . 5 

Flo\val)le eopper 

1 :40() 

0 . 46 

24.7 

75.5 

Fy( <»1 

1 ■.4(K) 

0.50 

Hi. 1 

85 . 

Control 


1.H6 

100.00 


CD at p - 0 
CV % 

.05 

0.5H 
45.. 59 




Excellent control has been achieved by all the fungi- 
cides tested. Of the more tenacious fungicides, only 
copper oxychloride with aluminium hydroxide, had a 
slight edge over the standard fungicide Eytolan, while 
Elowable copper aOected a slightly lower degree of cont- 
rol. This trend is, however, not maintained as would 
be seen from the following experiment. 

The experiment was repeated in another area in a 
1953-54 planted light leaf Assam jat tea in the same 
estate. The tea was well shaded and identically spaced 
with one difference that this was light skiffed. The 
spraying was done in 25.4.77 and 9,5.77. 

The results are presented in Table 7.06, 

In this experiment also all the fungicides gave signifi- 
cant reduction of the disease. A pertinent observation is 
that the degree of control obtained in the first experi- 
ment in the * ‘pruned” year, was definitely superior to 


Table 7.06. Decree of black rot irifei tion per bush and percentage of disease 
control {mean of 80) 




Degree 

% infection 

% reduetio*! 

Treat tnenls 

Rate 

of infer.- 

with control 

over control 



tion 

as 100 


Fytolan 

1 ;490 

0..50 

52.0 

68.0 

Clipper oxychloride 

1 :400 

0..54 

54.6 

65.4 

with .\lu minium 





hydroxide 





Kishan 

1 ;400 

0.58 

37.2 

62.8 

Flowahle copper 

1 :400 

0.60 

58.5 

61.5 

Fycol 

1 :400 

0 . 5{i 

55.9 

1)1. 1 

C^ontrol 


1.56 

100.0 


CD at p 0.05 


0.41 



CV 


58.11 




that ill the second experiment, i'his indicates that better 
control of black rot can be achievixl by applying fungi- 
cides in the pruned year. 

Experiments with different dilution 

The trial was meant to find nut a suitable concentra- 
tion for a pow('r sprayer in applying a standard I'ungi- 
ckh\ for this, tlie degree ol control as achi(‘v('d by 
applying the recommended fungicide with a hand spray( r 
was taken as the standard and its performance was 
conijiaied with that of the diffiT'cnt concentrations of 
fungicid(‘s a|)])Iicd with power s pr.iyers. .Mtogether 
five treatments including lh(' untrc'atcal control wcnc 
randomised over 4d() liiish jilots with three replic'ates. 
I’ungicides were ap[)liecl in two rounds and tlie appli- 
cations were' made under (’slate supervision. ()))serva- 
lirai on the degree' of incidcnc'c of the disc'asi' was made by 
us oil 60 Inishes of eac b plot and tlu' rc'sults arc' p asented 
in the following table (d’able 7.07). 


Table 7.07. Degree of hlark rot infection per bush iritli penenf ig' rnnlroi 
achieved {mean of I HO) 





1 )egree 

inl(‘c- 

nduc- 

IVeat merits 

Rate 

Sjirayer 

of infect- 

ioii with 

lion over 




ion 

control as 

{ ontrol 





100 


Blitox 

;100 

])owi'r 

0.75 

51 .0 

19.0 


;20() 

0 . 92 

<i2.6 

57.4 

1 

1 ;400 


o.!m 

6li.7 

55.5 

I 

1 :400 

f iand- 
sprayer 

0.78 

1.47 

55.1 

4f).9 

Control 





CD at p 

0.05 


0.52 



CV % 



17.16 




It is evident that the performance of the fungicide 
(Blitox) at 1 in 100 concentration applied with power 
sprayer is similar to that of standard application rate 
of 1 in 400 using hand sprayers. It is also superior to 
other concentrations tried with the power sprayer. 

The standard application gave less than 50% 
control. This can be attributed to the fact that in 
this skiffed area the management could apply the 
second round only after a lapse of six weeks because of 
incessant rain. The efficacy of the therapeutant was, 
therefore, adversely affected in this trial. 
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Blister blight. 

In 1977 season two experiments were conducted in 
Darjeeling for the control of blister blight. Of these, 
one (experiment 1) was continuation of an experirncTit 
laid out in 1976 and the other (experiment 2) was to test 
the cllicacy of Nickel chloride at different rates along 
with some other fungicid(*s. 

Experiment 1 

In this experiment the treatments (for details please 
refer to Ann. Rep. 1976-77, p. 49) were applied as 
soon as th(‘ dis(*ase build up was notiexal in early J uly ’77. 
Spraying was continued at weekly and Ih-weekly intiT- 
vals, till the end of the blister season in Septeml)er 1977. 
'!'he experiment aims at estimating the elfect ol' the 
treatments on yield through a eoniplete' ])runing cycle. 

'rh(‘ (.'ffect of tre'atments on the incidence of blister 
blight as recorded on tlie daU* of a|)plication of the 6th 
round is shown in Table 7.08. 


Table 7.08. Ejfcct of ticalnwrils on /onitnl of hlisfir hli^ftl 



Kati',' hilc 

r\al Rounds 

\o. of 


'1 Vcatnr'iils 

h.a in ( 

lavs 

Idislei s 

red net Ion 




per loo 





rlio(.ts 



()2d 14 

7 (i 1 () 

20.. 14 

HO. 14 



7 

20. (.7 

71 .47 



7 

in. hi 

72.14 

oxy- 





( ’iloriilc 


7 ,, 

24.00 

11 . HH 

Clalixin 1; 

2()(' ml 

It :i 1 4 

10.44 

42.47 

Mow lit h 2 





( Calixin 1 ; 


14 .. „ 

.41.00 

4H.0H 

Mowlilh 





Calixin 1 : 


14 „ 

70.00 

42.t)0 

Mnwiilli 4 





MUC 

()2:i 14 

14 „ 

104.00 

O.Ot) 

Hard pliu'kint’ 

(weekly 




(lirouv4h<)ut ( 

)liseiA at ion) 


10C()7 

0.42 

( lot'.irol 



101 .00 


Cl) a! 1 

)-.{) Of) 


21 . .40 


CA 



21. 14 



4'he perl()rinanccs of the fungicides were almost similar 
to that in 1976. Hard plucking has been practised as 
oi»e treatment but it did not cau.se any reduction 
of the disease. 

41ie yield records will l3c analysed only on completion 
of the pruning cycle. 

Experiment 2 

'Fins was a fungicide evaluation trial using hand spra- 
yers. Blitox, Kishan and Captan were applied at 1 in 
800 parts of water. Quantities of Nickel chloride and 
Calixin sprayed per hectare are given in 1 al)lc 7.09. 
'Fhere were 1 1 treatments including an unsprayed con- 
trol series. M'hesc were applied to plots of 40 birshes 
randomized in 3 replicates. Spraying was done immedi- 
ately after a plucking round at seven day intervals. Only 
in case of Calixin, the application was at 14 day interval. 

The number of blisters in 100 shoots collected at random 
- « 11 -.^ 


every week. Fhc final observation made one week 
after the application of the last round, is given in Tabic 
7.09. 


Table 7.09, Effect of different funf^ic ides on the control of blister blight 




Spray No. ol‘ 

Blister 

% rediic- 

Fiingi( iclcs 

Ratc/ha inlerval rounds 

per 100 

tion over 


in 

days 


slinf)ts 

control 

Calixin 1 : 







Mowlilh 4 1 

200 ml 


11 

o 

100.07 

40 . 78 

Ri-han 

1 ;H0{) 


7 

I 

28.00 

84.54 

Captan 

1 :800 


7 

1 

102.07 

49.01 

Blitox 

1 :800 


7 

4 

40,00 

42.3.4 

\iek«l 







( hlori(l<' 

()24 


7 

4 

00.34 

04.51 

Nirk( I ehio- 







ride 

4.40 


7 

4 

70.00 

4.4.29 

Nickel ( hlo- 







ride 

4.40 i; 


7 

4 

87.07 

48.43 

Ni( k(4 ehlo- 







ride 

2.40 ^ 


7 

4 

91 . 43 

11.41 

Nickel rldo- 





00.00 

01.18 

I ide ! 

410 

4- 

7 

4 


• 

Blitox 

410 ^ 






1 )itlianr 







M 44 

1 :800 


7 

4 

84.00 

41.18 

Control ‘ 





1 70 . 00 


Cl) at 

P 

.04 



42.74 


CV 

9 




24.54 


fhese rr 

suits ‘ 

dlow 

lliat Ua 

lixin, 

Claplan and Dithanc 

M45 havi* 

little 

effect 

in cont 

rolling the bliste 

r. Nickel 

( hloride bi 

rough 1 

1 down the d 

lisease 

incidence 

by abfjut 

64",, wh(‘n 

a|)pli 

'•(1 at 

625 g/h; 

a, but 

not at low 

er dosages 

i.e. at 450. 

, 350 , 

and 250 g/ha 

. C 

ombined with Blitox 

in eijual pi 

oport 

ions, 

half (he 

Ni('k( 

4 chloride 

(310 g/ba) 


was as good, (^)pp('r fungicides; Blitox and Kishan 


(n\ 1 :800 elfectively controlled blister blight. 

A x'cry interesting phenoimmon was noticed in the 
exj)t. When spray<'d during rains, copper formulations 
have better nunfastness and residual protectant proper- 
ties than ni('k('l based fungicides. It may also be men- 
tioned that nickel formulations have l)e(‘n observed to 
induce massive* scorch if sprayed during hot weather. 

In this experiment five treatments including control 
w<*re, : 

1. Nickel chloride 1 

copper formulation {(i), 310 g/ha each/round 

2. Cbpper formulation {a] 625 g/ ha/round 

3. Nickel chloride {a] 450 g/ha/round 

4. Nickel chloride {(f 6 25 g/ha/ro und 

Incessant rainfall was encountered during the last 
three rounds of spray (10th, 17th & 31st August ’77). 
Observation continued on three occasions till 14.9.77 
after the last round of spray. 

Under the N.E. India’s conditions nickel chloride 
alone or in combination with Blitox appears to be less 
efiicacious than copper formulations like Kishan or 
rliirina rainv snells. 
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Agrimycin 100 in blister control 

As a preliminary study, some severely blister infested 
areas were sprayed with Ai^rimycin and copper in octo- 
ber/Novem))er in Upper Assam. No diirerence were 
oljservabh* in blister infection at this stage. Further 
experiments are being planned for 197B in Assam as well 
as in Darjeeling. 

Root rots 

Six experiments on soil fumigation for the control 
of root rots laid out on member estates in 1074"7r) arc* 
still under observation. No mortality has been repc^r- 
ted from the treated plots both replanted areas and 
fumigated living stands of mature tea which showed 
infestation before treatment. 

Investigation into the nature of control of the primary 
root rots by fumigation was made by studying the soil 
inicroflora from the treated and untreated area. In 
the treated soil there were a high populations of sayaro- 
phytic organisms like Trirhoderma viridi\ AspennUus flavus, 
A. ferreus^ A. fumigalus^ A. niger, A. versirou>r^ Mucor raci-- 
mosus, (Mrininghamella echinulata, Clioclalium Jujihriafum^ 
Chaetornium globosum, four species of Fusariiwi, one sp. of 
Thielaviopsis and four syjecies of Penidllium. 'Fhe sapro- 
phytic forms have a high sporulaling and grc'at cellulose 
decomposing (utilising) ability. They detoxify the 
toxic metabolites yjroduced by the pathogens and inhi- 
bit the growth of yiathogenic fungi in soil (Tocklai Conf 
1977, p. 54-56). 

Ustulina zonata has a high cellulolysis adequacy ind(‘x 
(('Al) which is indicative of the fungus’s abiliiy to exist 
irrcsy^ective of the nitrogen status of the soil. U. 
zonata i.s incay^able of utilising nitrite as a source of nitro- 
gen as is the case in many of the soil fungi. 

t/. zonata is cay^able of withstanding high grade inter- 
fungal interaction '(!’ (bc'cause of the regression value 
of 0.93 in the laboratory studies made utilising Wa.s- 
tic’s cellophane? agar plate techni(|ue). Uo-(‘xisting 
soil fungi like Trichoderma viride strains (y) and Aspergillus 
niger induced Ustulina colonies to yiroduce fluffy myce- 
lial growth, indicating synergism? 

Armillaria mellea was reported fre^m some? ('states in 
Darjeeling. Soil fumigation (?xy)crinicnts will be laid 
out during 1978-79. 

Rosellinia arcuata (black root rot) was reyDorted from 
one more estate in Uy)per A.ssam and the control mea- 
sures have been suggested (Soil fumigation). 

Soil microbiology 

Constantly larger number of fungal and bacterial 
species are present in the rhizosphere soil as coniy)ared 
to non-rhizosphere soils. Ec’ologically all the forms 
come under Winogradsky’s AUTOCTHNOUS types. 

Soil microbes show differential behaviour in their 
tolercnce to agrochemicals at different times and peri- 


ods. Organisms like Nitrosomonas which converts ammonia 
to nitrate, Nitrobacter which converts nitrite to nitrate, 
Azotobacter which is said to have the ability to fix non- 
symbiotic' atmosj^hcric nitrogen and denitrifying bacte- 
ria which convert nitrite to nitrous or fr(*(? nitrogen and 
liberate it into the atmosphere, have been isolated and 
these were found to exist in soils whether treated or 
untreated with agrochemicals. Nevertheless, a 
temyoorary nxluction in fungal and bacterial numbers 
was observed following the application of agrochemicals. 

[laboratory studies using soil extract amendt'd with 
coy^per oxychloride, metham sodium, endosuifan, sima- 
zine, diuren and ncmagon showed Trichoderma, 

Aspergillus and Mucor, as dominent sy)ccies, while in the 
untr(‘at(?d seric's, several other forms were Ibund. 'The 
sehx'tivity thus rev(‘al(*d, supyKvrts the (‘arlier findings 
that application of thes(? chemicals promotes a spurt of 
growth ofthe micro-organisms having high saprophytic 
ability. 

'The dominant forms of fungi listc'd above are sensi- 
tive to chemicals in as much as they revc'al morpholo 
gical changes like hyphal-lysis and abnormal swellings 
of the mycelium on application of these chemicals, In- 
t(*restingly one ascomycetous fungus (yet to be identi- 
lied) had tolerated a very high concentration (1:400 
of metham sodium. 

Ability of certain soil fungi to grow in presence of 
agricultural ch(‘mieals like simazinc, diuron, copper 
oxychloride and cndosulfan indicate their aiiility in 
lowering the concentration (T tliese chemicals in soil I)y 
(h'gradation or utilisation in their system. 'I’his aspect 
requires further investigation. The microbiological 
investigations were conducted by a research fellow. 

Violet root rot (Sphaerostilbe repens B. Br.) 

Autecological studies on the Violet root rot causing 
organism ('onlirmed that the pathogtm could spread in 
the .soil adhering diseased roots as distinct rhizomoi phs 
and is not aflc'ctcxl by microbial antagonism or excess 
moisture. It has a very high biotic y^otential as it pro- 
duces large number of spores. .Ability to grow in the 
interzone of bark and the root tissue is indicative ol its 
saproy)hytic nature 

In lab(}ratory experiments, it produced chlamydos- 
y^ores and utilised the filter paper as source of carbon. 

Bio-fertilisers 

Past work on the studies of non-symbiotic nitrogen 
fixation by Azotobacter and Beijerinckria in acid soils did 
not reveal any significant nitrogen addition to the normal 
tea soils (1976-77 Ann. Rep. p. 5()). 

During 1977-78 a look-sec trial was conducted using 
three biofertilisers on some stocks available in a Botany 
plot at Tocklai. The stocks in the experiments were 
397, 449, 450 and 378. Biofertilisers ay^plied to the 



Annual Scientific Report For 1977-78 


6! 


soil and their rates of application tried were Aries Agro- 
AZO ((f I pkt. for 20 bushes, Bactoj^in (Bactogin lab. 
Jabalpur) Qv one pkt. for 20 bushes, and Theabacler 
meal (Tea Cdiciii., (Calcutta) (aj 3 kg for 20 bushes. 
Each control plot had 20 bushes that were not treated. 

Application of biofertilisers was done on 7th July 
1977 and the yield records w<a'e taken between mid 
August and end September 1977. 

Table 7.10. I he yield of ^reen leoj mid Auiiust to end September over 6 
weeks takinif control as 100 followinii (ipfdication of hinjerti- 
lizer 

S'l'OCtKS 


Tt t-af in( ni 


•1 19 

4.50 

37H 

Arirs .AZO 

A\ 

113.2 

110 .(> 

114.1 

Hari()ij:in 

b'l . 7 

111.4 

94.7 

100.0 

'I'hcal)a( t(T Meal 

i02.() 

110.1 




tlonlrol ; 

lOO.O 

100.0 

100.0 

100.0 

riu'sc studios 

will continue 





The yield responses were positive on the stocks treated 
with Thcabacter meal. Aries Agro AZO had positive 
response on stocks 449, 450 and 378 wliile 397 showed 
a decline, Bactogin produced gain in yield in stock 449 
maintained the level of control in 378 while depressed 
the yield in 397 and 4.50. 

'Ehough no definite conclusion on the benefits of addi- 
tion of biofertillsers, is possible at this stage, stock 449 
showed consistant increase in yield with all the bioferti- 
liscrs investigated ( Eablc 7.10). hhis appears to be due 
to factors other than nitrogen fixation. It may be re- 
called that in 1976-77 experiments were in pot culture 
studies using test tube inoculum while in 1977-78 it. 
was in the field using commercial bio-fertilizers. 
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Pigment profiles for diffetmt skiff ing and pfurnng operations 
have been characterised . 

The stem of a tea shoot has been found to be poor in respect 
of its tea making potentials. 

One of the factors for quality deterioration during rains appears 
to be high concentration of chlorophyll and chlorogenic acids 
in the shoot. 

Some loss in enzyme activity of tea leaf was observed on 
storage and withering oj the leaj. Soluble sugars and chlorophyll 
contents also undergo changes during manufacture of green leaf 
to black lea. 

Proving trials for factory floor fermentation tests were con- 
ducted in commercial tea factories. 


PIGMENT PROFILE 

' These studies were (‘xtended with the object of diffe- 
rentiating flushes, skifling/pruning o^Tl'rations and fer- 
mentation times. 

(i) Flush quality 

Pigment profiles of tlu‘ made teas from unpnim'd 
and deep skiffed bushes of Clone fV 18 showed that 
rains (juality predominated almost throughout the pluck- 
ing season of 1977. It may be noted in this connection 
that only for a very brief period during the last week 
of May, there was a slight rise in quality which was but 
an admixture of rains and second flush quality, as indi- 
cated by the pigment profiles, d'he opinions of tea 
fasters in general, corroborated the pigment profile 
analyses (Tabic 8 01). 


Table 8.01. Taster's evaluatwri of C. T.C. teas from un/fruned and deep 
skiffed bushes of TV Ifi 


Dale of 

nianufac- 

lure 

Nature of 
.skilling 

raster’s remarks 

Valualion 

Rs/kg 

17.5.77 

Deep skiff 

Some useful character, bright 

8.00 

20.5.77 

Unprunc 

Although green much better 
quality. First flush character 

12.00 

24.5.77 

Deep skiff 

Touch of 1st flush character 

9.00 

31.5.77 

Deep skiff 

A ( t)mbination of 1st ami 2nd 
flush character 

12.00 

3.6.77 

Un prune 

Post 2nd flu.sh character 

10.00 

7.6.77 

Deep skiff 

Very raw and green on the 
palate 

8.00 


(ii) Q^uality of unpruned and deep skififed teas 

Pigment profiles of C.T.C. teas from unpruned and 
deep skiffed bushes of TV 18 revealed that the peak 
heights of the profiles for unpruned tea was lower than 
those of the deep skiffed tea during the whole season. 
This shows that deep skifhng produces better quality 
teas than unpruned. The theaflavin (TF) and thcaru- 


bigin ( FR) contents of made teas also support this obser- 
vation (Table 8*02). 

Table 8.02. TF and TR of C. T. C. teas from unpruned and deep skiffed 
hushes of TV Id 


Date of 

Nature of 



IF 

manufacture 

pruning 

‘X, TF 

‘^;,TR 

t'R 

17..5.77 

Deep skiff 

1.53 

19.18 

0.08 

20.5.77 

Unprunc 

1.47 

17.40 

0.07 

31.5.77 

Deep skilf 

1 .90 

17.84 

0. 10 

3.(i.77 

1 hi prune 

1 . 50 

18.16 

0.08 

14.6.77 

Det p skiff 

1 .28 

19.69 

0.06 

17.6.77 

U ni)rune 

1.10 

18.71 

0 . 06 

26.7.77 

J )crp skiff 

1.39 

13.97 

0.09 

29.7.77 

1 Jnprune 

1.37 

14.09 

0.09 

2.8.77 

Deep skiff 

1 .44 

14.10 

0. 10 

5.8.77 

Unprime 

1 . 09 

17.18 

0.06 


Fhe TF content is always found to b(‘ higlier in the 
leaf from deep skiffed bushes than from unpruned. Besi- 
d(!s, the former gives a better distribution ratio of TF 
and fR. 

fiii) Fermentation time 

Leaves from unpruned and decp-skiffi'd bushes of 
'FV 18 were fermented for 1 h, 1 h 20 m 1 h 40 rn, 2U 
and the (41. C. teas wen^ subjected to pigment profile 
analysis. According to pigment profile, it was observed 
that fenru'ntation periods of 1 h 20 m to 1 li 40 m pro- 
duced the best (|uality teas in floor fcrmi'iitation, both 
from unpnmt'd and de(‘p skilled bushes. I lu'se tinding.s 


were also 

confirmed by 

the tea tasters 

('Fable 8.03) 

Table 8.03. 

Taster's valuation for C. T.C. leas fermented for different 
teny^ths of time 

Date of 
manufacture 

Type of 
pruning 

Fermentation 

time 

Valualion 

Rs/kg 

10.6.77 

Unprune 

1 h 

1 h 20 m 

1 h to in 

2 h 

6.50 
(3 . 00 

7.00 

6.00 

28.6.77 

Dee[) skill 

1 h 

1 h 20 m 

1 h 40 m 

2 h 

6.00 

(3.00 

8.00 

7.00 

1.7.77 

Unprune 

1 h 

1 h 20 m 

1 h 40 m 

2 h 

7.50 

8.50 

7.50 

7.00 

5.7.77 

Deep skiff 

1 h 

1 h 20 m 

1 h 40 III 

2 h 

6.00 

7.00 

7.00 

(3.50 

CHEMICAL BASIS OF FLUSH QUALITY 

In our earlier work on the chemical basis of quality 
of tea, it was observed that enzyme activity and total 


oxygen uptake of fresh tea shoots were correlated positi- 
vely and amino acids and chlorophyll contents were 
correlated negatively with the quality of tea. Chara- 
cterisation of flush characters by pigment profile studies 
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had shown that, in addition to various other chemical 
constituents, distribution of chlorophyll and clilorogenic 
acids plays an important role in determining flush chara- 
cters. I'he second Hush teas possess less of these chemi- 
cals than the rains teas. Their concentration is lower 
in the autumnal llian in the rains teas, although it is 
still higher than in the second flush. 

(i) Chemical composition of shoot components 

I'he above observations were based on the chemical 
analyst's of whole shoots. A tea shoot is far from bt'ing 
chenucally homogeneous, since tht! occurrence and distri- 
bution of the chemicals differ between tht' components 
of a shoot. It is already known that the polyphenol 
and caffeine contents decreast' from the tender to the 
mature parts of a tea shoot. An ex[)('rimeni was there- 
fore planned to examine the individual parts of a tea 
shoot in respect of some of the chemical components. 


Leaf samples were collected from Clones 'rV7 (HS) 
and TV 18 (DS) and shoots were separated into com- 
ponent parts and analysed for moisture, dry matter, 
enzyme activity, total oxygen uptake, chlorophyll and 
amino acids by using analytical methods rej^orted earlier. 
For estimation of the clilorogenic acids, a thin layer 
chromatography ('rL(I) iiu'thod was develof^cd in the 
laboratory. Methanolic hydrochloric acid extract of 
tlu‘ dried green leaf was subjected to two-diinentional 
'TLC on cellulose plates with butanol: acetic acid: water: 

: 4: 1 : f) followed by 5% acpieous acetic acid. Four 
spots of clilorogenic acids located under ultra violet 
light were eluted with 50% ethanol and the optical 
densitv (( ).!).) was measured at 324 nm. ddie concen- 
tration of the clilorogenic acids was calculated on the 
basis of tlu' extinction co-eflicient (19,200) of d-caffeoyl 
(juinic acid. I'abU^ 8. Of gives tlu! averagt! values over 
the w8iole season for moisture, dry matter, enzyme acti- • 
vity, total oxygen uptake*, chlorophyll, clilorogenic acids 
and amino acids for different [larts of tea shoots. 


Table 8.01 values {on dry «'/.) over the season of dnnucal ronslituents of inJivLlm! parh often s'nsts from Cion's I i' 7 ani TV JH 

Seasonal a\ crauie tor 




"o 

**() 

Ihi/.yinc 

I'otal o.xyi^ni 



*)/ 

Siiuu'c 

Shool ( (»mp:):i(‘iU 

MoiSlUU' 

Dry 

iiiaUn 

activitv 
//lOg Imjlh 

uptakr 

/dOo/in:»/2h 

C:ilo,'.,phyll 
a 1- h 

( :hl )iM >.'.iic- 
aiids 

Am: 

auii 

rv 7 DS 

Bud 

71.77 

25.23 

11.00 

9.03 

0.17 

0.49 

1.99 


1st leaf 

72. h;-) 

27.37 

11.00 

10.20 

0.24 

0..39 

0.74 


2 lid leaf 

7H.()h 

2().05 

12.85 

10.45 

0.37 

0.55 

1.11 


StlMll 

\V(‘ightc‘d mean for ihr whole 

82.5.3 

17.45 

l(i.;45 

7.20 

0.19 

0 . 72 

3.79 


shoot 

75.7.3 

21 . 25 

13.13 

9.25 

0.2-1 

0 . .39 

1.91 

rv IH DS 

Bud 

75. 15 

24.. 35 

12.. 39 

9.07 

0.20 

0.49 

2.41 


Ist loaf 

73. 5d 

20.41 

13.37 

8.78 

0.40 

0.00 

1.37 


2nd li'af 

74.07 

25.93 

12.17 

8.80 

0..35 

0.01 

1.77 


St nil 

\\ ('itjhtc'd mean for the whole 

84.21 

!5.79 

17.37 

0.98 

0.23 

0.90 

4.80 


shoo! 

7().83 

23.17 

13.8H 

8. 10 

0.30 

0.07 

2.09 


It is evidcT'f from the table that the stem contains 
about 10 per cent more moisture than the other compo- 
nents of the shoot. The moisture content decreases in 
ihe order: stem, bud, second leaf and first leaf 'The 
dry matter contents follow a reverse order being mini- 
mum in the stem and maximum in the first leaf 

The low^est oxygen uptake is observed in the stem 
although it has the maximum enzyme activity. This 
is attributable to its low substrate (polyphenol) concen- 
tration. 

The stem contains the highest proportions of amino 
acids and chlorogenic acids. 'Fhc concentration of chlo- 
rophyll in the stem, however, is low and similar to that 
of the bud. The second leaf being in an advance stage 
of development, contains the maximum concentration 
of chlorophyll. 

Based on our earlier observations it is clear from the 
weighted averages of the two clones that TV7 is a 
bettf^r rlnn#* than TV 18. its oxvjzen iiDtake bcincr 


higher and chlorophyll, chlorogenic acid and amino 
acid contents lowv*r than that of TV 18. 

(ii) Chemical composition of shoot components 
during different flushes 

Since the chemical composition of' a shoot does not 
remain the same throughout the plucking season, those 
of the components of a shoot are also expected to vary 
in the course of the growing season, as Table 8.05 shows. 

There arc* certain variations in the chemical compo- 
sition of the shoot components during the different flushes. 
In clone TV7, enzyme activity increased with the pro- 
gress of the season, while no such distinct trend was 
observable in clone TV 18. Total oxygen uptake 
of the bud and the leaves was the least during autumn 
but the stem portion of TV7 showed an opposite trend. 
The lowest concentration of chlorophyll and chlorogenic 
acids was observed during the second flush and the highest 
during the rains. 
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Table 8.05. Flushwi se averuffe values {on dry ivt.) of chemical constiluenls 

oj dijjf rent parts of shoots from clones 1 V 7 and IV 18 


Flusli axcraj^c for 





Fiizymc 

Fotal 

o 

/o 

o/ 

.'O 

Sourer 

Shoot 

Flush 

activity 

o.xygcn 

Chloro- 

Chloro- 


coriiponr- 


//lOo/mg/h 

upt.ikc 

phyll 

genic 


nt.s 



//lO.^/mg/ 

a 1 b 

acid.s 





/2h 



FV 7 

Hud 

2i>d 

10.5 

8 . 95 

0. H) 

0.47 

DS 


Rains 

10.8 

9.32 

0.21 

0.50 



Autumn 1().2 

8.25 

0.17 

0.49 



1st leaf 

2nd 

10.98 

10.83 

0.23 

0.57 



Rains 

1 1 .22 

10.27 

0.2<) 

0.60 



.‘\ulumn 

14. 10 

9.35 

0.21 

0.58 


2nd leaf 

2rul 

11.70 

10.77 

0.32 

0.51 



Rains 

12.38 

10.61 

0.10 

0.56 



Autumn 

16. 10 

9.50 

t).33 

0 . 55 


.Stem 

2nd 

15.77 

6.70 

0. 19 

0 . t )8 



Rains 

16.57 

7.30 

0.20 

0.74 



Autumn 

16.50 

7.80 

0.19 

0.71 

TV 

18 Hud 

2nd 

12.28 

8.38 

0.23 

0.47 

US 


Rains 

12.58 

8.38 

X ..29 

0.50 



Autumn 

12.81 

6.99 / 

^ 0.26 

0.49 


I. St leaf 

2nd 

13.04 

9.78< 

0.36 

0.67 



Rain.s 

13.19 

8.85 

0.45 

0.68 



Autumn 

14. 17 

7.62 

0.13 

0.67 


2nd leaf 

2nd 

11.67 

9.90 

0.47 

0.61 



Rains 

12.42 

8.90 

0 . 59 

0.62 



Autumn 

12.05 

7.40 

0.54 

0.61 


.St mi 

2nd 

18.06 

7.74 

0.19 

0.81 



Rain.s 

17.76 

6.89 

0.25 

0.94 



Autumn 

15.67 

6 . 4ti 

0.22 

0.89 


Weighted averages for different flushes (Table 8.06) 
of the two clones show that there is a trend of chlorophyll 
and chlorogenic acids concentrations being higher in 
Autumn than in the Second flush and maximum during 
the Rains flush. This observation is in support of our 
earlier findings from the pigment profile study (Ann. 
Rep. 1973-74) for flush characterisation of tea. 


Table 8.06. Flushi ise weighted mean of the chemical components for the 
whole shoot from TV 7 and TV 18 


Source 

Flush 

Weighted mean 

for the 

whole shoot 

Enzyme 

activity 

/dOo/mg/h 

'Fotal 

oxygen 

uptake 

/dOi/mg/2h 

/o 

Chloro 

phyll 

Chloro- 

grnic 

acids 

TV 7 

Second 

12.24 

9.31 

0.22 

0.56 


Rains 

12.74 

9.37 

0.27 

0.60 


Autumn 

12.72 

8.72 

0.23 

0.58 

TV 18 

Seetmd 

13.76 

8.95 

0.31 

0.64 


Rains 

13.97 

8.25 

0.39 

0.68 


Autumn 

13.67 

7.12 

0.36 

0.66 


There is hardly any difference in the total oxygen 
uptake (substrate concentration) during the Second 
and Rains flushes, whereas during the Autumn, the 
oxygen uptake goes down indicating lowering of the 
substrate concentration towards the later part of the 


season. The enzyme activity, however, remained same 
in all the three flushes of both the clones. Because of 
relatively high enzyme activity the autumnal teas will 
be brighter and brisker than the rains teas, but due to 
low substrate concentration (total oxygen uptake) at 
this lime of the year, these teas will comparatively lack 
in body. Presence of high concentration of chlorophyll 
and chlorogenic acids appears to be one of the factors 
for deterioration of rains quality. 

I'FEEcrr OF manurint; on tea 

CiUAEl I’Y 

Potash 

Application of potash appeared to enhance the con- 
densation of amino acids into protein (Ann. Rcj). 1976- 
77) which adv(‘rsely affects the quality <4 tea. Analysis 
often leaf from three different levels of potasli manuring 
(0, 45 and 180 kg per hectare) showed increased h'vels 
of protein with concomittant decre; ‘-c in the amino 
acid content (Tal)le 8-07). 

Table 8.07. of potash manuring on the protein and amino acid levels 

of tea leaf 


Ptjia.sh lev<4 

o/ 

o/ 

kg/lia 

An lino acids 

Protein 

0 

2.18 

13.51 

45 

2.02 

14.27 

180 

1.92 

14.93 


CHANGES OF SOLUBLE SUGARS AND CHLORO- 
PHYLL DURING BLACK TEA MANUFACTURE 
Certain loss of water soluble sugars and chlorophyll 
was observed during the withering process (Table 8.08) 

Table 8.08. I I ater soluble sugars and chlorephyll contents at di[lercnl 
stages of manufacture 

(I^imircs arc average of TVl, TV 15 & TVIH) 


Fcrnicntccl leaf Made h-a 

Components Fre.sh Withe- 

leaf red C. I'.C. Ortho- C.T.C. Orlho- 
leal dox dox 


% Water 
soluble 

sugars 1.540 1.249 1.289 1.315 1.323 1.373 

% Chloro- 
phyll 0.273 0.234 0.131 0.118 0.106 0.114 


The soluble sugar level increases during fermentation 
primarily due to degradation of the polysaccharides into 
simple sugars. Drying of the fermented leaf does not 
have any significant effect on the soluble sugar content. 

The chlorophyll of green leaf undergoes degradation 
into black coloured phacophytin and brownish phaco- 
phorbide during the successive stages of processing from 
withering to drying. The extent of degradation of 
chlorophyll is higher in C.T.C. than in Orthodox pro- 
cess (Table 8 08) resulting in lower concentration of 
chlorophyll in the C.T.C. teas. The details of this 
study will be reported later. 
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EFFECT OF STORAGE AND WITHERING ON 
ENZYME ACnVITY AND TOTAL OXYGEN 
UPTAKE OF TEA LEAF 
There is always a time gap between the plucking of 
the tea leaf and its processing. During this gap, the 
leaf continues to respire at the cost of its sugar content 
and as a result there is certain loss in the solid matter 
of the leaf The enzyme systems arc also active during 
this period and it is likely that some other chemical 
changes also occur. An experiment was therefore plan- 
ned to examine the effect of storage and withering on the 
enzyme activity and total oxygen uptake of tea leaf 

Leaf was collected from TVl in ice box and carried 
to the laboratory immediately for analysis. Another 
lot of leaf sample was stored in plucking baskets and 
analysed afUT 2 and 3 hours. A third lot was spread 
and allowed to wither naturally for 18 hours and then 
analysed. The experiment was repeated on twelve 
occasions spread over the season. The average values 
are presented in Table 8.09. 


Table 8.09. fhe effect of storage and witherinfi on the enzyme activity and 
total oxygen uptake of tea leaf from TV I 



Kn/yrne activity 

Total oxygen uptake 

Treatment 

//lOj /mp/hr 

//IO 2 /mg/2h 

Ice box 

16.4 

11.2 

2 hrs in basket 

14.8 

11.2 

3 hrs in basket 

14.5 

11.5 

18 hrs wither 

12.8 

11.5 


Data in the table indicate that there is certain lo.ss 
of enzyme activity of the fresh leaf during its storage in 
plucking baskets for 2 and 3 hours a.s well as in withering. 
There is however no change in the total oxygen uptake 
of the leaf under these conditions. Phis shows that 
inspiU! of some degradation of the oxidase enzyme during 
storage and withering, there is no effect on oxidation 
of the polyphenols, the quantity of which docs not un- 
dergo any change. 

FACTORY FLOOR FERMENTATION TEST 

A factory floor fermentation test based on the measure- 
ment of optical density (O.D.) of TF was reported last 
year. The test was modified to suit the conditions of 
large scale manufacture and was conducted during the 
year in Cinnamara, Hunwal and Sycotta tea factories 
with success. The test has been found useful in diffe- 
rent manufacturing methods, like C.T.C., Orthodox 
and Dual manufacture. 

In the modified test, 5 g of the fermenting leaf is infused 
with 100 ml of boiling water for 1 minute during which 
period it is constantly stirred or shaken. After filtration 
through cotton wool, 5 ml of the infusion is trc.at ‘3 as 
described earlier (Ann. Rep. 1976-77). 

For C.'F.C. manufacture, the highest O.D. of the 
extract corresponds to the optimum fermentation of the 


tion time should be extended by 10 minutes after obtain-^ 
ing the highest O.D. of the extract. 

It Is advisable to conduct the test at intervals of 5 
minutes when the critical period of fermentation is 
approached. 

The made tea samples corresponding to each test 
conducted with the fermenting leaf were evaluated 
biochemically and also sent to Calcutta and Tocklai 
Tea Tasters for valuations. Results of the tests for 
different methods of manufacture arc presented in Table 
8 . 10 . 

Table 8.10. O.D, of Tb\ biochemical evaluation and Tasters' valuations 
of made teas corresponding to fermentation tesU 

C.T.G. Manufacture 
Floor Fermentation 


Frrni. 

lime 

O.D. at 

480 nni 

% 

TF 

% 

TR 

Valuations R.s/kg 
Calcutta 'Focklai 

I h 

0.250 

1.40 

16.08 

17.25 

6.00 

1 h 10 m 

0.260 

1.58 

16.09 

18.00 

7.50 

1 h 20 m 

^ 0.240 

1.24 

16.18 

17.65 

6.00 

1 h 30 m 

^).220 

1.14 

16.94 

17.80 

6:50 

I h 40 m 

0.210 

1 .08 

17.16 

17. .51) 

7 . 00 '^ 

1 h 50 ni 

0.205 

1.01 

17.58 

17.25 

6.00 

2 h 

0.20!f 

1.06 

17.80 

17.25 

6.00 


Trough Fermentation 



1 h 

0.350 

1.71 

13.84 

14.75 

6.50 

1 h 10 m 

0.355 

1.78 

13.20 

14.75 

7.00 

1 h 20 rn 

0.360 

1.76 

14.. 54 

15.00 

6.00 

1 h30m 

0.375 

1.89 

14.40 

15.00 

8. .50 

1 h 40 m 

0.305 

1.73 

16.02 

15.00 

7.00 

1 h 50 rn 

0.300 

1.62 

16.66 

14.75 

6.50 


Orthodoa- 

Floor Fermentation 


2 h 15 m 

0.090 

0.88 

6.57 

14.80 

7.50 

2 h 25 III 

0.105 

1.15 

7.20 

14. .50 

6.00 

2 h 35 m 

0.105 

1.10 

7.84 

15.00 

8.00 

2 h 45 m 

0.090 

0.92 

8.68 

14.00 

6.00 

Dual Manufacture 


Trough Fermentation 
First Fine 


1 h 50 m 

0. 12 

0.86 

7.20 

17.50 

6.00 

2 h 

0. 135 

0.99 

8.19 

18.25 

7.00 

2 h 10 in 

0. 150 

1.13 

8.61 

19.00 

8.00 

2h20 m 

0.140 

1.08 

9.60 

18.50 

9.00 



Second Fine 




1 h 50 m 

0.180 

1.01 

8.40 

15.50 

7.50 

2 h 

0.180 

1.00 

8.75 

16.00 

7.00 

2 h 10 m 

0. 185 

1 .08 

9.39 

15. .50 

7.50 

2 h 20 m 

0.175 

0.92 

10.52 

17.00 

8.00 



C.T.C. 




1 h 45 m 

0.315 

1.62 

14.12 

13.80 

6.00 

1 h 55 m 

0.320 

1.70 

15.20 

13.90 

6.50 

2h5m 

0.340 

1 .84 

17.74 

14.00 

7.00 

2 h 15 m 

0.260 

1.53 

18.68 

12.50 

7.00 


The results indicate that for C.T.C. manufacture 
the highest O.D. for 'FF corresponds to an ideal distri- 
bution of 'I’F and FR in the resulting teas thus indicating 
that the optimum fermentation is achieved at the parti- 
cular point of time. However, for orthodox manufac- 
ture, the formation of TR has also to be considered. 
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are formed without causing any appreciable loss in TF 
content. Alternatively, the fermentation time in orthodox 
manufacture should be extended by 10 minutes after 
obtaining the maximum for TF. 'Fliis and the earlier 
test developed by Dr. K. L. Bajaj have been found useful 
at Tocklai in the selection of vegetative clones. Leaflet 
containing both these tests will be available in due course. 

Diversification of products 

A joint project in collaboration with “Instant Tea 
Project” is being taken up from February, 1978 to study 
the chemistry of Instant tea in relation to quality and 
manufacture. Three staff members of the Instant Tea 
Project arc being trained in the department in laboratory 


techniques for the estimation of some of the chemical 
components of tea. A number of Instant tea samples 
prepared in the Instant 'Fea pilot factory have been 
analysed for biochemical evaluation. 

Advisory services 

A number of detergents and water samples received 
from difl’erent Tea Instates were tested and advice was 
given on their suitability for use in tea factories. 

Kaybce and N-Foss Moisture meters sent by different 
'Lea Companies were standardised and calibrated. 

Tea samples received from Estates and Advisory de- 
partments of Dooars were analysed for biochemical 
evaluation. 



Valuation of a jat tea was improved by mixing small quanti- 
ties of clonal tea of belter quality, A good jat tea had similar 
effect on clones of lesser quality. More fines could be extracted 
with advantage from a mixer of clones than from a mixer of 
jats in dual manufacture. The ratio (f volume of tea to surface 
area of the tea chest increases as the size of the tea chest dimini- 
shes and the absorption of moisture by the packed tea was observed 
to increase in proportion to the ratio. 


BLENDING 0¥ JAT AND CLONE 

A blending experiment was carried out to assess the 
cup quality by mixing of clonal tea with jat tea in diffe- 
rent proportion. For this experiment three popular 
Tocklai released clones 'I'Vl, TV9, TV18 and Betjan 
jat were selected. The method of manufacture was 
C.T.C. and the made tea was mixed under the follow- 
ing proportions and the made tea blend was tasted by 
two leading blenders. 


Table 9.01. Proportion of clonal and jat {Beijan) in lea blends and Valu- 
ations in R^jkn 

Blerulrr A 


Blond with done 


Clone in blend 

0 (Betjan) 

5 % 

10 % 

!•'>% 

20 % 

100% (Clone) 


Blendei 


Clone in blend 


TV 1 

I'V 9 

TV 18 

13.00 

13.00 

13.00 

14.00 

13.00 

13.00 

14.00 

13.00 

12.00 

14.00 

13.00 

14.00 

14.00 

13.00 

12.00 

15.00 

12.00 

1 1 .00 

B 

Blend 

with (lone 


rv 1 

TV 9 

TV 18 


0 

5 % 

10 % 

ir)% 

20 % 

100 % 


(Betjan) 


(Clone) 


14.00 

15.00 
15.00 
15.00 
14.50 
15.00 


14.00 
1:L50 
13.50 

15.00 

14.00 
14.00 


14.00 

14.00 

14.00 
13.50 
13.50 

13.00 


From Ihe Table 9.01 it appears that presence of even 
a small quantity of FVl can give a perceptible boost 
to the liquor characters but larger proportion of TV I 
had adverse effect of the bulk tea. Similarly, mixing 
with good jat tea improved the valuation of clonal tea of 
esser quality. 

Dual manufacture with different extractions in 
Jat and clones : 

In continuation of the previous investigations on dual 
manufacture with different extractions (Annl.Rep. 1974- 
75, pp 48) further observations were made on the effect 
of cup characters of C. F.C. teas made with mixed Jat 
and mixed clones separately, after extractions of 10 
20% and 30% fines in each case. 

Tea Tasters from Calcutta, Gauhati and Tocklai 
constituted the panels for assessment of the liquor charac- 
ters. The valuations given by the tasters are given in 
Table 9.02 to illustrate the effect of extraction of fines. 


fasting 


Table 9.02. V'aluation {Rsjkg) of mixed clones and mixed Jats of tea in 
dual manufacture 


Ta-ster A 


Mixed jat 

Mixed clone 


Fines 
cxlrac (cd 

Orlho- 

do.x 

C.'I'.d. Average 

Ortho- 

dox 

C.T.C. 

Average 

10% 

13.0 

9.0 9.4 

14.5 

10.5 

10.9 

20 

12.0 

8.5 9.0 

14.7 

10.4 

10. 0 

30% 

11.2 

7.0 8.3 

13.7 

0.5 

10.1 



Taster B 





12.0 

H.O 8.4 

13.0 

10.0 

10.3 

20% 

11.3 

7.0 7.6 

13.3 

9.9 

10.2 

30% 

9.5 

6.0 7.1 

12.0 

8.5 

9.6 



Faster C 




10% 

10.0 

7. .3 7.5 

11.0 

0.5 

0.8 

20% 

9.3 

7.0 7.3 

11.3 

8.4 

0.7 

30% 

7.0 

5.6 5.6 

10.0 

6.5 

7.6 


w^.\veraiajc -- Wrightrd average 


Tabic 9.02 shows that for mixed clones extraction 'of 
lines can be higMer than for mixed jats. In the case of 
clones, 20% extraction did not have any adverse effect 
on liquors (of mixed clones) whereas it depressed the 
value of mixed jats. 

PACKAGING & STORAGE 

Material for lining of tea chests 

During the year some lining materials were tested for 
their suitability. 

Lining of regenerated cellulose film under the brand 
name ‘ Frayophane’ was tested against standard alumi- 
nium foil lining in small 5 kg plywood tea chests, deas 
stored in these chests were tested for (a) moisture content 
(b) chemical changes and (c) odour and taint and were 
evaluated by Tasters. Results of the tests for mois- 
ture content are presented in Table 9.03 and for bio- 
chemical evaluation of dP and TR in Fable 9.04« 

Table 9.03. Per cent of moisture content of tea stored in 5 kg chests lined 
with Trayophane and Aluminium foil 


Details of samples Period of storage (months) commencing from 

13th May, 1977 



0 

1 

2 

3 

4 

5 

6 

Orthodox tea 








Tissue paper plus 
Trayophane 
Trayophane only 

3.0 

3.0 

5.71 

6.12 

7.30 

7.20 

9.11 

8.66 

10.75 

10.18 

11.63 

10.64 

11.26 

11.18 

Trayophane plus 
Tissue paper 
Aluminium foil 

3.0 

3.0 

5.45 

5.73 

7.59 

6.67 

8.32 

8.15 

9.86 

9.35 

10.61 

10.10 

10.98 

10.49 

C.T.C. tea 








Tissue paper plus 
Trayophane 
Trayophane only 

4.7 

4.7 

7.03 

7.77 

8.01 

8.18 

9.38 

9.40 

10.64 

11.38 

11.85 

11.90 

12.02 

11.90 

Trayophane plus 
Tissue paper 
Aluminium foil . 

4.7 

4.7 

6.96 

6.68 

7.73 

7.60 

8.90 

8.41 

10.53 

11.52 

10.43 

11.30 

11.20 

10.09 
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Table 9.04. Changes in TF and TR during storage of teas for 1,3 and 6 
months in differently lined chests 


— 

Length of 

Ortho- 

(GFOF) 

G.T.C. 

(PF) 

Treatmrn^iJ 

storage 

dox 

% 'I F 

% TF 

% tr 



%TF 




Tissue paper plus 
Trayophane 

1 month 

0.53 

9.76 

0.71 

17.31 

Trayophane only 


0.07 

11.18 

0.93 

14.71 

Trayophane plus 
Tissue paper 


0.5(i 

10.39 

0.85 

15.62 

Aluminium toil 


0.02 

9.91 

0.81 

13.84 

Tissue paper plus 
Trayophane 

3 months 

0.37 

6.88 

1.03 

17.25 

Trayophane only 


0.39 

7.23 

1 .06 

17.28 

Trayophane plus 
'Tissue paper 


0.37 

6.74 

1.03 

16.82 

Aluminium Toil 


0,44 

6.95 

1 .00 

16.35 

Tissue paper plus 
Trayophane 

6 months 

0.50 

8.88 

0.52 

13.99 

Trayophane only 


0.55 

8.86 

0.51 

13.51 

Trayophane plus 
Tis.sue paper 


0.56 

9.53 

0.68 

15.11 

Aluminium foil 


0.52 

8.40 

0.53 

13.72 


7’eas stored in these small 5 kg chests absorbed 9 to 1 1 
percent moisture after 3 months, irrespective of the type 
of lining used, showing that small chests are unlikely to 
give any reliable information in such experiments. 

t 

Teas stored in small tea chests with ‘'I’rayophanc* 
lining showed noticeable fall of liquor characters and 
olf-flavour contamination as the period of storage in- 
creased. 

In another set of experiments using non-commercial 
size tea chests another regenerated cellulose him lining 
under the brand name ‘Kesophane’ was compared against 
standard aluminium lining. Table 9.05 shows the per- 
centages of moisture in tea after 1,3 and 6 months of 
storage and Table 9.06 gives the I F and ER values of 
teas stored for 1 and 6 months. 


Table 9.05. Per cent moisture content of tea stored in 36 cm /. 36 cm X 40 
cm tea chests lined with * Kesophane^ and conventional alumi- 
niwn foil linings 


Treatments Kach chest containing 

Period < 

)f storage 


20 kg made tea 





Orthodox tea 

0 

1 

3 

6 

Kesophane lining 

3.4 

8.23 

8.21 

8.37 

Standard aluminium foil lining 

3.4 

7.93 


8.14 

C.T.C. tea 





Kesophane lining 

3.1 

6.18 

7.99 

8. 19 

Standard alumini\im foil lining 

3.1 

6. 16 

6.88 

7.16 

Table 9.06, Changes in TF and 

77? of teas during storage 

Period of 

Ortho- 

(TCiFOP) 

C.T.C 

(PF) 

'IVeatmentj storage 

dox 

% tr 

% TF 

%TR 


%'TF 




Kesophane lining 1 months 

0.72 

8.12 

i.77 

15.09 

Aluminium foil lining 

0.71 

8.78 

1.77 

15.19 

K<*sophane lining 6 months 

0.64 

9.99 

1.45 

16.34 

Aluminium foil lining 

0.65 

10.10 

1.43 

16.69 


out by the surface area of lining as well as the length 
of the edge which will reduce considerably with the 
increase in tea chest si/.e. 

Biochemical evaluations for both the experiments 
were done by the Biochemistry Department. 

Table 9.07. Qjiality assessment of tea from different agro-managemeni 
Tea techniques 


'Till 

e t)f Experiment 

No. of 
samples 
manufac- 
tun-d 

Remarks/Results 

1. 

Manarement Praetices 
and Bioehemieal Ex- 
periment 

436 

Not eonelusive 

2. 

Residue and tainting 
trial 

44 

One produc t taintrd 

3. 

Zinc trial 

80 

Not significant 

4. 

Nitrogen V’s. Clone 

285 

Not significant 

5. 

Qiialily I'esting 'Trial 

180 

Not sigtiilieant 

6. 

Instate Clone 

128 

4 elon< s gave significantly 
higher valuation in respect of 
quality and strength in C.T.C. 

7. 

Asses.sment of clones 

369 

9 clones gave encouraging 
results. 

8. 

Withering 

120 

Experiment is not complete 
and being continued. 


GREEN TEA 

As a part of the product diversification measure, stu- 
dies on green lea manufacture have been initiated at 
Nagrakata. Although the hiclory was not fully equi- 
ped with miniajure machinery, some trials on green 
lea manufacture were conducted with the existing tea 
machinery. More intensive study will be carried out 
in the commercial gardens. 

Evaluation of commercial products 

Detergent : Of the few commercial products tried, 
Rajnol SP was an cllective detergent for washing fer- 
menting room floors and processing machinery in tea 
factories. This detergent .sample received, had a pH 
of 6.8 and found suitable for use. 

The following detergents which are generally used 
by the industry for cleaning fermenting floor and green 
leaf processing machines were tested again, as received 
from different tea estates. These detergents were found 
to have the following pH values. 


Name of Detergent 

pH Value 

Teepol (liquid form) 

9.9 

Safai 

(powdered form) 

12.5 

Saffal 

(powdered form) 

12.5 

Safo 

(powdered form) 

13.0 

Idet 

(liquid form) 

10.0 

Safaa 

(powdered form) 

10.4 


Tables 9.05 and 9.06 show that the size of tea chest 
has important bearing on the moisture gain and is borne 


The permissible limit that a detergent should have is 
between pH of 6.5 and 7.0. 
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Conveyor belting 

Conveyor behind from Messrs C.R. Wallace & Co. 
(P) Ltd., Calcutta, was found .suitable for conveyini^ 
processed green leaf without any deleterious effect on 
made tea. However, physical slnaigth and durabili»y 
of the conveyor belt has not been tested. 

Advisory works 

(a^ 'Pasting S(‘ssions : 42 group tea tasting sessions 
were held in different areas of N.E. India for the benclit 
of the planters. These sessions were iirranged by the 
Area Scientific Conunittees. 

The Tea Tasters visited 90 factories on inanufaduring 
problems of the respective estates. 


(b) Sdiinais: Nine Imgineering & Manufactur- 


ing Seminars In Id in N.E. 
Tea 'Pasters. 

India w<'re 

attended by the 

(c) Tasting : Nurnbci 
the y<*ar at Pocklai 

' of samples 

; tasted during 

Pocklai samples 


5912 

Outside clonal St 

imples 

7748 

Outside experimental samples 

8347 



22007 


Nun her of .sain[)les lastcfl during the year at 


Nagrakata 


( Ilona 1 samples 

6253 

Ex } )er i mental sa m p Ics 

1800 

Estates .samples 

7543 

15596 



®itgiiwmug ^ B^bflcrpntiat 


The 45 cm prototype Continuous Tea Roller installed at 
Melenj^ T.E. continued to ^ive very satisfactory results. The 
2nd and the 3rd fines and coarse from this machine, when sorted, 
gave similar percentages of di/ferent primary grades as the conven- 
tional rollers give. The valuations of the sorted grades from 
C.T.R. teas ivere general I v higher than the valuations of the 
corresponding conventional grades. The 87 cm prototype Conti- 
nuous Tea Roller has dso shown remarkable improvement. 

Work was continued on the development of the Withered 
Leaf Preconditioner, manual plucking aid and a method for 
seperation of stalks from made tea. 

By some modifications of the machining specifications of 
C.T.C. rollers a 17 increase in the output was found to be 
possible ivilhout any effect on the grade percentages and valuations. 


CONTINUOUS GREEN LEAF PROCESSING 
MACHINES 

(a) Continuous Tea Roller 

(i) 45 crn Prolotype : The 45 cm protolype Conti- 

nuous 'l ea Roller was installed at Meleui^ T. E. in the 
l)e^iuuinij; of the season and inanufacturiujuj trials against 
conventional orthode)x manid'acture wcae carried out 
throughout the year. After some initial troubles which 
were sorted out the machine start(‘d working satisfacto- 
rily. Congiarative saiigdes frotn this machine and from 
conventional roller were tasted by Toeklai 'Tasters as 
well as by a !:)roker house and the monthly average valu- 
ations given by them are shown in Table 10.01 and 
'Table 10.02. 


Table 10.01. Monthly average vnliintions gjven by a Broker Hoivie on 45 cm d. T.R. and Conventiunal teas. Rsikg 




Isl 1 

ine 

. 2,':; 

line 
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(lonv. ^ 

CIR 

(_k>v. 

CI'R 
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CTR 

( k>n\'. 

CIR 

Conv. 

April 

1 

21 ..M) 

24.00 

21.00 

20.00 

17.00 

19.00 

20.01) 

10.. 50 

19.00 

17.00 

May 

12 

21.4.") 

22.10 

22. ()0 

21.70 

19.00 

10.90 

17.50 

10.44 

10. 15 

17.90 

I line 

Iti 

22.02 

22.04 

22.74 

22.94 

21.40 

21.51 

10. 10 

10.25 

19.44 

19.22 

July 


24.24 

2 4.. 50 

2 1 . 50 

20. ( >2 

19 44 

19.50 

15.70 

10. 10 




Table 10.02, 

.Monthly average valuations 

given by a 

Toeklai 7 aster 

on 45 ( 

m C. T.R. and Conventional teas. Rsjkg 
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2iul line 

4r(l (in»‘ 
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c:tr 

(lonv. 

CTR 

Ckuiv . 
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C<»nv 

CIR 

Conv. 

CTR 

Co IV. 

April 

1 

0.7") 

. 44 

.9.. 50 

9.50 

B..50 

0.00 

0.50 

0 . 00 

7.90 

0.10 

May 

H 

O.ti") 

9.45 

0.81 

0.77 

0.T2 

7.94 

(i.75 

7.10 

0.71 

0. !2 

June 

\5 

TTOO 

12.94 

14.20 

14.12 

12.02 

12.94 

11.04 

11.70 

10.04 

11.00 

T'ly 

i\ 

14.75 

12.94 

14.00 

14.50 

14.00 

14.21 

12.78 

12.04 

- 


From 

the table it 

can be 

seen (hat 

the average valu 

and coarse < 

obtained 

from the 

Continuous 

Tea Roller 


ations of (he CT'T.R. teas compare well with the valu- 
ations of the conventional orthodox teas and exec'pt in 
case of the 1st fine the valuations of C.d'.R. teas are 
generally better than the conventional orthodox teas. 


and conventional roller were graded and the comparative 
grades were tasted by Caleutta, Gauhati and 'Toeklai 
Tasters. 'Tlie average perc entages of dilferent primary 
grade's and their average valuations given by different 


At the instance of the Engineering Sub-Committee 
the 45 cm prototype Continuous lea Roller was tried 
out for a month for the 2nd and 3rd roll after the 1st 
roll in conventional rollers. The comparative fines 


'Tasters are shown in Table 10.03. 'The last row of figu- 
res showing the valuations for overall primary grades 
are calculated by taking the percentage weights of the 
grades into account for each day’s manufacture. 


Table 10.03. Average primary grade percentages and valuations of 45 cm C.T.R. and conventional teas, Rsjkg 


Valuations in Rs/k:^ given by - 





Calcutta 'Taster 

(iauhati Taster 

Toeklai 'Taste 

r A 


CTR 

Ck)nv. 

CTR 

Conv. 

CTR 

Conv, 

CTR 

Conv. 

TGFOPi 

12.60 

12.48 

18.73 

18.16 

18.95 

18.90 

16.04 

16.95 

TGFOP 

10.07 

11.41 

16.59 

17.00 

18.36 

17.60 

15. .52 

16.19 

GBOP 

14.28 

14.44 

18.70 

17.96 

16.60 

15.99 

15.33 

14.31 

FBOP 

16.86 

16.58 

18.72 

18.12 

16,62 

16.51 

14.95 

14.66 

BOPF 

4.29 

4.80 

15.12 

14.84 

14.61 

14.20 

14.95 

13.48 

Over-all Primary grades 

58.10 

59.71 

17.97 

17.35 

17.29 

16.78 

15.38 

15.19 
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The last row of figures in the tabic show that when 
the 45 cm Continuous Tea Roller is used for the 2nd 
and the 3rd roll, the overall weighted average valuations 
of Continuous Tea Roller graded teas are higher than 
the corresponding valuations of the conventional rolh^rs 
graded teas. Although the total percentage of primary 
grades appears to be siglilly lower incase of tlu! C.T.R., 
this is offset by the higher valuation received. It 
has also been remark('d by different tasters that in general 
the Ckmtinuous l ea Rollca' samples had more chunky 
tips and a IxUter cup quality. 

Before granting a licence for commercial scale manu- 
facture of this tnachine pei inission has bc'en granted to 
eacli of M/s Steelsworth Ltd. ofd'insukia and M/s Trade 
<S: Industiy of' Tcv.pur to manufacture two prototypes. 


These commercial prototypes arc (expected to be ready 
by early next season. 

(ii) 37 cm Prototype : 'I’he 37 cm prototype Ck>nti- 
nuous lea Roller was also installed at Meleng I’.K. 
in tandem with the 45 cm machint* and was tried out for 
both dual and l()()‘h) orthodox manufacture. Remark- 
able improvement in its [x*rformance was observed 
after some modifications were made to the rotor and its 
battens towards the end of the season. However, some 
further improvement is nec(‘ssary to bring its perfiarmance 
upto the level of the 45 cm prototype. Comparative 
samples from this 37 cm prototype and conventional 
roller wen' tasted by Pocklai I'asters as well as by a 
broker house and the monthly average valuations given 
by them arc shown in I’able 10.04 and fable 10.05. 


Table 10.04. Manihlv mirui^e raluaUon.'^ fiirtn by a fho 
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Table 10.05. 

' lonlhly averafie r, 

\l nations 

Hiveu by a i 
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10 
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14. (.0 
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.\()V. 
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Ib.M 

15.92 
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'fhesc re 

suits show that the 

' performance 

: of this 

machine 

as consid 

krably 

improved 

and now it needs only a 


little more! im|)rovemcnt to bccon e fully satisfactory. 

(1)) Withered Leaf Preconditioner 

I’hc Witherc'd Leaf Pn'coiKlilioner was modified to 
make the gap between the rollers adjustable and was 
fitted with a new set of wooden rollers, 'fhis was then 


ker House on .17 cm C. 

1 .R. and conventional teas;. 

Rsjko 


3rd ^'inc• 

Co 
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r.c. 

Cl R 
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11.50 

11.70 

installed 

at M( 

•leng f.IC. 

and was 1 

ri(‘d out 

for orthodox 

manufac 

lure. 

Withered 

leafeondi 

tilled in 

this machine 


was rolled in a conventional orthodox roller and was 
companxl with normal conventional orthodox roller 
teas of Meh ng I’.E. The comparative valuations of 
these teas given by a broker house and the focklai 
rasters are shown in 4'able 10.06. 


Table 10.06. (.'omfxiratur monthly avernfie valuations oj teas madv ivi^h and irilhoul Withered LeaJ Preconditioner 
Rs\k^ {1st fines ar.lr) 


Months No. of 
trials 


Broker House 


I\)(klai I'aster 


Pre-c ondilioner f Roller Roller only Pie-ronflitiorn r i Roller R(*ller only 


July 7 

August .) 

October 7 


24.. 'iO 22.9.3 

25. (iC) 25.33 


13.50 13.93 
15.20 lb. 00 
15.43 15.57 


'fhesc trials showed that various adjustments were 
necessary in the machine to get the expected results. 
As these adjustments were being done simultaneously 
the machine could be tried out only on a limited number 
of occasions. From the valuations it is not possible to 
draw any conclusion about its advantage, but it was 
often observed that the show of tips in preconditioned 
leaf was better than in conventional orthodox teas. Hen- 
ce to prove the efficacy of this machine, particularly in 
respect of tips it is proposed to use brass rollers in place 


of wooden rollers. An order has already been placed 
lor the supply of the brass rollers. 

(c) Barbora Leaf Conditioner 

Commercial production of the Barlx>ra Leaf Condi- 
tioner Mark II has been started. Several machines 
conforming to Tocklai’s new specifications have already 
been supplied to different tea estates and they are work- 
ing very satisfactorily. 
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(d) Gutter Attachment for B.L.G. and Rotorvane 

The nianufaclure of tlic modiiiecl Caitler AUaclunent 
from stainless steel has been started by the licensees. 
Two units have already been suppli('d to Leesh River 
T.E. and Clhabua T.E. Report on the performance 
of these new units are (‘xpeetcd during th(‘ early next 
season. 


SEPARATION OF STALKS 
Work to find an elfective method of seperating stalks 
from tea is continuing. So far no new method is hit 
upon, but mechanical limitation of the motion of a sieve, 
as given to it manually by expert hands, showed some 
promise. FurtluT work is being taken up in this direc- 
tion. 


CON riNUOUS KERMEN IMNG MACHINE 
I’hc commercial production of the (Continuous Fer- 
menting machine has been started by M/s Tea-Ma 
Consortium. One unit, supplied to Cinnamara f.E., 
is being installed there. Another unit has oetm expor- 
ted to Mauritius. The other licensees M/s Steelsworth 
Ltd. have not yet started its commercial production. 

CON'l INUOUS TRAY TEA DRIER 
* F'ollowing reports that the C'ontinuous 'fray Tea 
Drier manufactured by M/s Wesman Engineering 
Co. under TRA’s licence, installed at Khongeiv .^.E. 
was Igiving some troubles, the drier was thorou|'’ -’4 che- 
cked. It was found that the troubles were due to poor 
workmanship and some inaccuracies, And not to the 
basic design. 


PLUCKING AID 

Work on the development of a manually carried non- 
selective plucking aid has been started and for the pur- 
pose of motorising it, assessment of its power require- 
ment is being made. 


IMPROVEMENT OF CTC ROI.LERS’ OUPPUT 
'Fo increase the output of 8 f .P.I.C.T.C. Rollers 
the following new machining specifications were tried 
out: 


Angle of chasing groove = 45^ 
Deptli of {-liasing groove = 0.096" 
No. of helical grooves ~ 40 

Deptli of helical groove == 0.084" 

Angle of milling = 70” 


Manufacturing trials were conducted with a pair of 
C'.'f.C. rolh'rs with these new machining specifications 
against a pair of normal 8 1\P. L, 60 helical groove 
rollers. In both the cases three C.T.C’. cuts of (*qual 
severity were; applied aft(‘r rotorvaning. The compara- 
tive percentages of different grades and their average 
valuations alongwith the percentage increase in the 
capacity of the modified pair of C. f.C. rollers are shown 
in Table 10.07. It can be seen from this tabh* that on 
an average a 17% increase in the capacity was obtained 
from the rollers with modified machining specifications, 
while the grade percentages and their average valuations 
were not affected. 


Table 10.07. Trial of C.T.C. Rollers with modified machining specifications \ 

Cirade perccnlagen, valuations in Rs/kg given by Torklai faster and Vo increase in capacity with modification C.'f.C. Rollers, 

(irad<‘ percentages Valuations % inc rease 

in capacity 


Date Broken Fannings Dust Residue Rs/Kg wilh- 



Modified 

Normal 

Modified 

Normal 

McKlifitxl 

Normal 

Modified 

Normal 

Modified 

Normal 

— modified 

CTC 

25.5.77 

42.29 

39.63 

52.07 

52.12 

5.07 

6.84 

0.57 

1.41 

7.00 

6.00 

17.5 

21.b.77 

39.32 

39.. 56 

44.82 

4(i.l.5 

1.3.72 

11. .54 

2.13 

2.74 

8.00 

8.00 

15.0 

25.6.77 

:^6.38 

31.04 

.51.67 

57.14 

10.. 53 

10.71 

1.11 

1.10 

9.00 

8.00 

15.5 

2.7.77 

29.29 

30.78 

53.53 

.55.78 

15.91 

12.73 

1.26 

0.70 

7.00 

8.00 

17.0 

9.7.77 

26.91 

24.. 55 

56.66 

.57.26 

15.61 

16.99 

0.79 

1.20 

9.. 50 

9.00 

15.5 

14.7.77 

30.85 

22.76 

52.34 

.58.53 

15.62 

17.48 

1.18 

1.22 

7.. 50 

8.. 50 

18.0 

16.7.77 

31.82 

29.63 

55.44 

.54.68 

11.27 

14.81 

1.47 

0.87 

6.00 

6.. 50 

16.5 

23.7.77 

24.88 

23.73 

.55.13 

54.22 

19. .57 

21.44 

0.41 

0.60 

7.00 

6.50 

17.0 

11.8.77 

31.27 

25.24 

54.4ti 

61.33 

13.40 

12.78 

0.86 

0.64 

6.50 

7.00 

19.0 


GENERAL 

During the year the Research Engineer attended 
seven meetings and .seminars held by the Scientific Com- 
mittees of different areas and visited eleven Tea factories 
in connection with various problems besides his frequent 
visit to Meleng T.E. in connection with the trials of the 
CJontinuous Tea Roller and Withered Leaf Precondi- 


Dr. M.G. Hampton, Director of AFP Consultants, 
U.K. who visited Tocklai from 12th to 20th March as 
a tea processing expert through the British Council was 
taken round different factories in Upper Assam and 
Jorhat area by the Research Engineer to acquaint him 
with the problems for his study. Mr. B.N.S. Rao, 
Assistant Research Engineer designate also accompanied. 
him. 


toner. 



Statistics 


The results obtained from the crop and rainfall data for the 
Southern part of Chalsa sub-district of Dooars surest that 
annual yield of tea can be increased by about 39 per cent over 
the actual yield recorded, if rainfall deficiency is made up by 
irrij^ation during the dry cold weather period and adequate mea- 
sures are taken to drain out excess rain water durino the heavy 
monsoons. 

The investigation oj the survey data on field management 
and environmental factors affecting the yield of tea in Darjeeling 
shows that there is scope to increase the total yield of Darjeiling 
by extension, using higher plant population per unit area both 
for extensions and replantation and infilling the va ancies. 

The higher yield j ha of 1 .R. A. mmiher estates as compared 
to non-member estates in Darjeeling suggests that member es- 
tates are utilising the results of research to a large extent. The 
yield per hectare of tea above seven years old reveals that require- 
ment of and response to nitrogen varies with aspect, elevation, 
angle of the slope of the section and shade status. It has also been 
noticed that quantity of nitrogeniha does not appear to have 
been applied correctly under various environmental and manage- 
ment conditions. Higher the elevation, the longer pruning cycle 
gives higher yield. 

A large number of experiments on various projects of the 
station were statistically planned, designed and tJr method of 
analy.sis determined. Computations of the data obtained from 
these experiments were carried out on the Unit Record MaAiines 
installed at Tocklai and on the Electronic Computer. 

CROP- WEATHER STUDIES 

'Ehe study on crop and raiiilhll data for the Chalsa 
and Northern part of Naii^rakata sub-distriels were 
carried out during the period. The object and method 
of study wiie the same as reported earlier in the Annual 
Scientific Report, 'E.R.A. 

Scrutiny of rainfall and yield data representing the 
soil climatic conditions of Chalsa sub-district revealed 
wide variations within the sub-district and it was noticed 
that this sub-district could be divided broadly into two 
parts, viz., Cdialsa South and (dialsa North, on the basis 
of rainfall distribution, soil type and level of annual yield. 
The results obtained for the southern part of Chalsa 
sub-district are presented below. 

Chalsa Sub-district (Southern Part*) 

This part has different rainfall distribution and yield 
level than that of Northern part of the sub-district. The 
soil type is also different than the other part. 

Equation ( 1 ) derived from the set of data under s' ldy 
revealed the critical periods and quantity of rain which 

•Southern part of Ghalsi sub -district consists of Baradighi, 
Batabari, Sathkyah, Aibhrcl and Kilcott tea estates who 

Jir#» T t> A 1 . 


affected the annual yield of tea in this part of the sub- 
district, and also their relative nature of relationship 
with the annual yield. 

Y --- 45-82.59 R.> — 3-2908 R' 4 - 15-0669 R 3 
T 16 2298 R^ + 718 5953 logi^R^ 

T 1316-9790 log, „R, f 4-669^ R^ 

- 0-0217 R” -|- 9-3667 R^ 

0-0943 Rf— .3410-2835 (1) 

where, Y annual yield of made lea in kg/ha; R.^, R 3 , 
R 4 , R^,, R 7 , Rg and R„ represent rainfall (centimetre) 
during Noveml)er-l)ece iiber of (he previous .season, 
and January-March, April, June, July, August and Sep- 
tember of the current season respectively. Nienty Nine 
per c('nt ol (li(‘ total variatio 1 in annual yield was accoun- 
ted for jointly by these seven pcTiods of rainfall. Ct^ri- 
bulifn[^d^..-.do rainfall during October (R,) of the^n'e- 
vious season and May (R5) of (1h‘ current season wAs 
insignificant, j 

'Ehe study of l!ie rainfall distribution and their type 
of relationship with the annual yield showed that in 
general, in almost all (he years rainfall during Novern- 
ber-Det einber, January-March and April was much 
less than th(‘ rainlall upto which yield increased and on 
an average there were always deficiencies during these 
critical periods as shown in Table 11 01 . On the other 
hau l, on an average there were always excess rains 
during August and September (Table 11 -01). 

riiese results, therefore, suguyest that if rainfall defici- 
encies arc compensated by irrigation during dry periods 
and excess rain water is drained out during heavy mon- 
soons as shown in fable lEOl, the annual yield of tea 
in (he Southern part of' Uiialsa sub-district can be 
increased from 1522 to 2115 kilograms of made tea per 
hectare ( fable 11 01 ). 'fhis is equivalent to about 39 
per cent (593 kilograms of inade tea per hectare) increase 
over the actual yield recorded for this part of the sub- 
district. 

Following impi.rtant points need be sln^ssed in the 
interpretation and utilisation of the above results. 

(i) Gain in yield due to irrigation mainly will depend on 
the period of irrigation, quantity of water applied in each period 
and draining out the excess rain water during the critical mon- 
soon periods as shown in Table 1101. 

(ii) The results presented here are related to the average 
soil-climatic conditions for the Southern part of Chalsa sub- 
district of Dooars. Therefore, if irrigation is proposed for 
any individual tea estate, it should be based on by a careful exa- 
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mination of such factors as distribution of rainfall^ soil type, SURVEY ON FIELD MANAGEMENT AND EN- 
depth of soil, etc., of the particular estate. VIRONMEN FAL FACTORS AFFECTING 

THE YIELD OF TEA 

(iii) Irrigation and drainage requirements suggested in Darjeeling, West Bengal : The object of this 

Table 11 01 need to be tested by actual field experiments survey with some results was reported in the 'Focklai 
before large scale programme is taken up. Annual Scientific Report, 1976-’77, pp. (35-67. 

Table 11.01. Rainfall distribution during critical periods and the estimated irrigation requirement with the corresponding expected yield 

Rtgion : Southern part of Chalsa sub-district of Dooars 

Rainfall in 1 Vl^' Irrigalion Average yield of made tea in 

(anlinutere relationship requirement 

— — and turning (t ni) 

Critical period minimum maximum Average point (cm) Without With Gain due 

where irrigation irrigation to irriga- 

applicable* Range Average (Estimated) tion 

Nov ember tt) December 

(Previous Season) 0 Id 4 LQ( f — ) () — 7 3 

d'P 7 

January to March (Current Season) 2 26 9 P ( t ) 0 24 17 

April („ ,, ) I 30 18 E( }) 0 29 12 

(” ?? ) 65 148 103 Log ( I ) Uneconomic: 1522 2115 593 

July (m „) 66 178 124 I.og(|) 

Au^mst (,, „) 34 160 96 Log( + -^-) Drain out 

t LQ('*-— ) excess 

• ^ / I'P — 95 rain-water 

Member <„ „ ) 32 10 1 * 74 LQ( d ) 

TP 50 

Total irrigation recpiirenumt — >- 0 - (JO 32 

♦ L — Linear, LQ ---- Quadratic, Log Expo.u-ntial and TP rurning Point. 


Further analyses were carried out during the year 
and some important results are summarised below: 

(i) Area 

(a) Land utilisation : Out of 51 T.R.A. member 
estates as on 3 1st December, 1973, these records were 
available for 44 estates covering nine sub-districts of 
Darjeeling. 83*97 per cent of total area suitable for 
tea was under tea plantation in 1969 and it remainetl 
practically constant upto 1973. J'his showed that prac- 
tically no programme for further extension of tea was 
taken up during this five-year period. But, there was 
a scope for further extension of tea. This can be seen 
from Table 1 1 *02, which shows the percentage distribu- 
tion of land utilisation of total area suitable for tea for 
various purposes as on 31st December, 1973. 

Table 11.02. Utilisation oj land of 14 member estates in Darjeeling for 
various purposes as on 31st December, 1973 

Ar<*a 


Item 

Actual 

(ha) 

Per rent 

Arra suitable lor planting tea : 

12098 

100 

{a) Area under tea plantation 

{b) Area suitable {'or tea plantation : 

101.59 

83.97 

(i) available for extension 

(ii) Ancillary purposes — under 

thatch, bainimo, forest and/or 

161 

1.33 

grow more food 

1778 

14.78 

Area not suitable for lea plantations: 

(fl) Area under layout factory, bungalows, 

139(i4 

100 

quarters, labourer lines, jhoras, etc. 
{b) — under thatch, bamboo, forest, 

9384 

67.20 

and/or grow more food 

4580 

32.80 


Tt can be seen from ihe table ( l abK' 11*02) that more 
s'xt(‘eii pcT cent of the area suitable for tea might be 
av.n'lal.lc for extension of tea. Of course, out of that, 
14.70 |)er cent area is not readily available for extension. 
However, 1.33 per cent area can be immediately ex- 
tended and (he rcnnainiiig 14.70 per cent may be made 
available for extension depending on the requirement 
of thatch, bamboo, etc. Thereby, total tea production 
of Darjeeling can l)e increased if only this measure is 
taken vq). About 32.80 per cent of the area not avail- 
able for lea, used for thatch, bamboo, forest and grow 
more food, is not suitable for tea as such. Remaining 
67.20 p(‘r cent of the area not suitable for tea, is used 
for factory, bungalows, stall' ejuarters, labourer lines, 
hospital, roads, vlr. Also tlierc may be* barren hills or 
jhor,is fiowing through the estates. 

(b) Land under different plant density : About 
40 per cent of area under tea in the member estates of 
Darjeeling planted with less than 7000 plants per hectare, 
and between 7000 and 10000 plants/ha covered alx)ut 
42 per cent area. Whereas, only abnaut 15 per cent 
area planted with above 10,000 plants/ha. Plant popu- 
lation of the remaining 4 per cent area is not known. 

This clearly suggests that there is enough scope to 
increase the yield per unit area of replantations /ex ten- 
sions by using higher plant population. 

(ii) Vacancy 

It is very much alarming that there is no record of tea 
bush vacancies as high as 82 per cent of the area under 
tea. 
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Here again, this indicates that in order to increase 
the yield rale, either extensive infilling or suitable uproot- 
ing/replanting programme should be taken up with 
judicious planning. 

(iii) Comparison of yield trend between T.R.A. 
member and non-member estates 

A comparison of yield trend (three yearly moving 
average) between 'T.R.A. member and non-member 
estates from 1960 onwards is shown in Fig. 1 1.0 1 . 

From the figure (Fig. 1 1 .0 1 ) it can be seen that the ave- 
rage yield/ha of T.R.A. member estates is much higher 



Fig 11.01. Yield trend for T.R.A. member and non- 
member Estate : Three moving average 
( Period : 1960-73.) 


than that of the non-member estates. It is interesting 
to notice that while member estates have been increasing 
their productivity, even non-member estates have benefi- 
ted from indirtxt transfer of technology which can be 
seen from the figure (Fig. 1 1.01) that non-member estates 
have started to increase their yield from 1966 onwards. 
Further, the higher yield of T.R.A. member estates 
suggests that to a great extent member estates are utilis- 
ing the results of research. 

(iv) Effect of aspect, elevation, Nitrogen and 
their combinations on the yield of tea above 7 
years old 

'The efTect of aspect, elevation. Nitrogen and their 
combinations on the yield of tea above 7 years old showed 
that the yield level decreased with the increase in ele- 
vation at any one aspect. Similarly, yield varied from 
as|)ect to aspect on any one elevation, e.g., yield per 
hectare x>n East aspect at four elevations, viz.., 305 
610 m,\^6W'’*^i^915 m, 915 — <1220 m and 122fV- 
^.:1525 m (1000^' - ^^2000', 2000'- <-3000', 3000'-^ 

<4000' and 40^' <5000' respectively) was higher 

than that on North aspect at the conesponding elevation. 
It was also found that on any one asj)ect the requirement 
of and thv return in yield Ifom a kilogram of Nitrogen 
dcen'ased with the increase in elevation. I'lirlher, the 
requirement of Nitrogen and the rcTurn from the same 
wer higher on East aspect than for lea on North aspect 
at each of these ('levations ( Table 11 03). 


Table 11.03. Effect of Aspect^ Elevation, Nitrogen {Ground application) and their combinations on the yield of tea {Made Tea kgjha) for above 7 years old 


Aspect 

.Nitrogj'n (kg/ha) 

Klevatiofi (in metre) 

15— :^-15 

45— ^ 75 

75 - < 105 

105 5 135 


305— <()1() 

701 

79t'> 



North 

()10 - <015 

(i65 

753 

— 


015 - < 1220 

501 

654 

(>80 

-- 


1220 <1525 

.502 

512 

573 



305— < 610 

870 

1037 




GIO— <915 

771 

870 

037 


l^ast 

. . - - 



— 

■■ — 


015— < 1220 

709 

702 

851 

802 


1220 5 1.525 

621 

(>88 

747 

770 


The results suggest that quantity of Nitrogen does not 
appear to have been applied correctly. 

(v) Effect of slope of the section, elevation, Nitro- 
gen and their combinations on the yield of tea 
above 7 years old 

In order to find out the eflect of slope of the section 
on the yield of tea, sections were broadly divided into 
two groups, viz., area of the sections having slope below 
30" (Gentle Slope) and above 30" (Steep Slope) (Re- 
ference; Annual Scientific Report, 1976-77, p. 65). 

The effect of slope of the section, elevation. Nitrogen 
and their combinations on the yield of tea above 7 years 


old revealed that yield level was adversely affected by 
the inerease in angle of the slope of the section at any 
one elevation. It was also noticed that the require- 
ment of and response to Nitrog('n varied with the angle 
of the slope of the section at any one elevation as well 
as with elevation at any one angle of the slope of the 
section (Table 11*04). "The reason for these variations 
needs thorough investigation. 

The results show that there is a scope to increase the 
yield per hectare and even higher dosf's of Nitrogen 
would pay in certain situations of gentle slope and low 
elevations. On the other hand there is need to limit 
the rate of Nitrogen application at a point where it would 
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Table 11.04. 

Effect of Slope, Elevation, .Nitrogen {Ground application) and their combinations on 

the yield of tea {Made Tea kg! ha) for above 7 years old 


Nitrog< n 

(kg/ha) 15 — '145 

4.5— < 75 

75 - < 105 

105— S 135 


1 li vation (in metre) 





Slope 







< 305 

8(»3 

10'25 

1195 

1 304 


30.5- S t.lO 

807 

931 

1031 

— 

(Jcnllr 

GIO— 9! 5 

780 

885 

952 

— 

(0®- 30") 

9 \!:~< 1220 

()09 

090 

747 

774 

1220- ^ 1.525 

533 

590 

G26 



1525— <1830 

3G2 

399 

424 

— - 


305^ 5 GIO 

7‘1G 

838 

910* 

957 


GIO— ^ 915 

700 

7G1 

798 

823 

Slcrp 

915- 1220 

.548 

.5‘)G 

622 

()'10 

(Ahovr 30D 

!‘>20- ^ 1525 


535 

558 

570 

1525—^1830 

31G 

344 


— 


not pay on stoop slope or at higlior clovaliori 
(Ta])]o 11 04). 

(vi) Effect of shade, aspect, Nitrogen and their 
combinations on the yield of tea above 7 ye^.rs old 

' " It might be monlionccl here that the shade was prosont 
in about 90 per ooiit area at elevation k^-oto GIO m (2000' ) 
while about 60 per cent tea w-as shaded at 1068 in (3500' ) 
elevation and this particular study covered upto this 
elevation. 


'riie eirect of shade, aspect, Nitrogen and their combi- 
nations showeil that shaded lea always gave higher 
yield than that ol unshaded tea, but it was iiiten'sl ing 
to find that the beneheial elfeet of sliade varied from 
aspect to aspi’ct, e.g., it was more on South than Norlh- 
Wesl aspect. But, the return from a kilogram of Nitro- 
gen was always higher from unshaded tea than that 
from shaded tea on both the aspects. It was also noticed 
that the requirement of Nitrogen varied between no 
shade and shade on any one aspect. It again varied 
under any ori(‘ shade status at dilferent as})ects (d abh* 
11.05). 


Table 11.05. Jifject oj Shade. Aspect, Nitrogen {(Ground application) and their (omhinalions on the yield of tea {Made tea kgjha) 
for above 7 years old • 

Nitrogen (kg/ha) 15— - 45 45 - 75 75 - 105 10a - 1.4> 

' ” ' ~ OtiB 

“907 ■ 


.Shade 
No .Shade 


South 

Ncrth- West 


_Sl^e 

No .Shade 


455 

TM~ 


Shade 


411 


5()(> 


5B4_ 

“ 4 ^ 

' GOG 


524 


G28 


T hese results suggest that there are instances of under 
and over application of Nitrogen, e.g., on South aspect 
under no shade, Nitrogen is likely to pay even beyond 
90 kg/ha, whereas on North-West aspect with shade 
at 90 kg/ha, it is not likely to pay ( I’ablc 11 05). 

(vii) Effect of pruning cycle, elevation and their 
combinations on the yield of tea above 7 years old 

The effect of pruning cycle, elevation and their combi- 
nation revealed that 3-year pruning cycle gave highest 
yield upto elevation 915 m (3000' ), whereas 4-year 
pruning cycle gave maximum yield at elevation 915 — 
^1220 m (3000' <4000' ), 5-year cycle at elevation 

1220-~-< 1.525 m (4000’ — ^.5000' ), and at elevation 
between 1525 <1830 m (5000' --<6000') 6— year 

pruning cycle gave highest yield. 

This result indicates that length of pruning cycle 
which gives maximum yield, is very much dependent 
on the elevation. This, however, needs thorough 
investigation. 


(viii) Eff ect of pruning type, pruning cycle, Nitro- 
gen and their combinations above 7 years old tea 

riie study showed that the yield decreased with the 
severity of cut in any one cycle and also varied betwc'cn 
cycles in any one pruning type. It was also noticed 
that the return per kilogram of Nitrogen varied with 
the pruning types in any one cycle, as well as between 
cycles in any one pruning ty[)e. 

The results indicate that the requirement of Nitrogen 
upto which it may pay, would vary from pruning type 
to type within a cycle and also between cycles within 
a pruning type. This aspect again needs thorough 
investigation. 

T’his survey has thrown light that there is an ample 
scope to increase the total production by extension and 
per unit area yield in Darjeeling provided suitable field 
management practices arc adopted under different 
agro-environrnental conditions. It has also indicated 
that rate of Nitrogen application should be limited under 
different management and environmental conditions 
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where it would not pay, and increase in situations where 
optiriuirn level is not being used at present. 

It should form the basis of an extensive R & D pro- 
gramme to evolve package of practices for increasing 
the productivity of Darjeeling tea. 

Detailed results will be published in a Tocklai 
publication. 

JOIN!’ RESEARCH PROJECT 

Ihc study on N, P and K requirements of mature 
tea conducted on 16 sites consisting of 32 ex- 
periments covering difi'erent agro-elimatic regions of 
North East India and to find out the response surfice, 
jointly with Advisory Department, continued during 
the year. 'I’he results so far obtained are report(‘d in 
this report by the Advisory Department. 

The study on rainfall data fordifferent localities, jointly 
with Soils & Meteorology Department, to iiiul out the 
type ol distribution and to obtain the intensity duration 
curve ol rainfall is in progress. 

A comprehensive questionnaire has been i)repared to 
collect data on various aspects annually from the mem- 
ber estates’ records covering all the member estates of 
North East India in order to enable all the research 


workers of the Station to formulate the future advice and 
course of research for increasing the yield of tea and 
reducing the cost of production. 

STATISTICAL SERVICE FUNCTION 
A number of experiments were planned and designed 
during the year. The method of analyses was deter- 
mined for a large number of experiments of various 
projects of the Station in order to achieve the objectives 
ol* the projects. 

DATA PROCESSFNCx ON THE UNIT RECORD 
MACHINES ON 1 HE ELEC I RONIC COMPUTER 
Field and laboratory experimental records for 1976/77 
on computerised proforma poured in practically from 
all the re.search departments and from the tea estates 
of North East India. Weekly/monthly/yearly yield and 
other experimental records for about 300 experiments 
were clieckcd, punched and varilied on the Unit Reco^ 
MachmV^ installed at 'Focklai. Computations of ab(\it 
3.'50 experimental analysis were carried out on the Unit 
Record Macl^;^ej^ and on the Idectronic Ck)rnputer 
during the period. In addition to these, computations 
of survey data and all accounts jobs were carried out on 
the Unit Record Machines. 



^jncultural ®cnnomtcs 


Data on area, production and yield for 1970-76 were received 
from 481 TRA member estates. The data were analysed to 
pinpoint constraint on productivity for improved advisory work. 
Average increase in yield was 3% per annum. 

Data from 30 member estates showed that rejuvenation in- 
crease productivity in a short time and hence can be dovetailed 
ivith replanting programme to compensate the loss of crop from 
uprooting. 

Motion & Time studies on plucking showed that effective 
lime on a peak day varied from 3.8 hours to 5.7 hours for the 
workers and accounted for only 45% to 62% of time spent in 
the field. Further the fast pluckers were 26% more productive 
than the average pluckers and slow pluckers were 26% lower 
than the average pluckers. 

Study on production, cost and price of tea industry in N.E. 
Jrid»a for 43 years reflects the narrow margin of proff’e in the 
Ipug term. Cost and price behave in cyclical nature, r 


Yield Trend analysis : An attempt is made first 
time to evaluate the yield trend of the TRA member 
estates. A proforma was issued to collect area, production, 
and yield figures and percentage of recovery of made 
tea for the period 1970-76 to 687 TRA member estates, 
of which 481 member estates supplied the information. 
The yield trend of the district, sub-area and the estate 
concerned was worked out. The member estates were 
informed of their yield trend together with sub-arc.a 
and the district. The increase in yield during the seven 
years period ( 1970-76) of 481 member gardens sub-area 
wise is evident from the data presented in table 12.01. 

The variation in the yield within a sub-district may 
be due a number of (actors, but it does certainly show 
the diversihed problems that focklai R & D may have 
to deal with, even within the same sub-district. Tt may 
also show the yield potentiality (achievable) within a 
sub-district. 


Table 12.01. Area production and yield under different Sub^areas during 1970-1976 


Sub-arras 

Kepi 

Estates 

Area 

1970 

Prexl. 

Yi<4d 

Area 

1976 

Prod. 

Yield 

%Ii 

Area 

iicrease over 

Prod- 

170 

Produc- 

Yield 

In( r(‘ase at 
eoinpound 



Ha 

’OOO kg 

kg/ha 

Ha 

MOO Kg 

kg/ ha 


lie (ion 

tivity 

rale of 

Assam South Bank 

207 

68310 

94852 

1430 

69564 

1 16479 

1674 

4.9 

22.8 

17 1 

- 1 

-.'2 1 

j 

i 

Assam North Bank 


2976(; 

39515 

1328 

32266 

5440^ 

1686 

8.4 

37.7 

27.0 

(.'achar & Tripura 

29 

38 

1062(i 

10006 

942 

10994 

12432 

fi3()3 

1131 

3.5 

24.3 

20 . 1 

3 VV.. 

Darjeeling 

9165 

5425 

592 

9357 

674 

2.1 

16.2 

13.9 

2.2% 

't’erai 

24 

5448 

6841 

1256 

5618 

7938 

1413 

3. 1 

Ki.O 

12.5 

Tl% 

3.004 

Dooars 

100 

41443 

(i0507 

1460 

42522 

74235 

1716 

2.6 

22.7 

19.6 

Grand Total 

481 

I(i2758 

r- 

' 

1334 

170321 

271793 

1596 

4.6 

25.2 

19.6 

3.0% 


Both mature and young tea have made signifii’ant 
contributions for the increase in yield. A high level of 
management acumen and scientific planning in the 
application of new technology have played a dominant 
role in this achievement. 


The estates under study adopted two different systems 
of rejuvenation. 

1. Rejuvenation with infilling and inlerplanting. 

2. Rejuvenation with block infilling. 


Economics of rejuvenation : Extension, Replantation 
and Rejuvenation are three major steps of development 
in tea industry. The basic question is whether rejuve- 
nation is a supplement to replantation or a substitute 
for it. According to some it may be taken as a substitute 
to replantation but the fact is that under the agro-cli- 
matic conditions in N.E. India, it should be taken as 
only a supplement to replantation. 

A study of economics of replantation and rejuvenation 
was taken up in 1975 but due to non-availability of data 
regarding rejuvenation, only economics of replantation 
was completed in Oct., '75 and presented in Tocklai 
Conference in Nov., ’75. During 1976-77, we collected 
data for the period 1967-1976, from 30 estates of Assam 
Valley, Dooars and Terai who had practiced rejuvenation 
on large areas. 


Under tlic first system, 24 estates rejuvenated the 
bushes, infilled the vacancies and reduced the spacing 
by interplanting with new plants. Under the second 
system, 6 estates rejuvenated the bushes and filled the 
vacancies in blocks. 

The following important economic factors were taker 
into account for evaluating the benefits of rejuvenation 

(a) Rejuvenation expenses 

(b) Loss of crop due to heavy pruning 

(c) Yield trend after rejuvenation 

(d) Payback period 

The rejuvenation expenses incurred during the 3 
years (year of rejuvenation 3 years) can be classifiec 
into two categoris: 

(a) Rejuvenation, infilling and inter plan ting (Rll 
and 
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(b) Rejuvenation and Block Infilling (RBI). The 
expenses per hectare were converted in kg of made 
tea using as steady value of Rs. 12/- for a kg of 
made tea (being the cost of production). These ex- 
penses are gien in table 12.02 & 12.03. 


Table 12.02. Rejuvenation expenses per hectare in made tea {KMTIl) 
(November I December 1973 to 1970 



Operation.s 

Average' 

30 estates 

RII 

2 I I'states 

RBI 

() eslati's 

1. 

Pruning & Indopasting 

120.6 

94.3 

144.7 

2. 

Uprooting 

15.2 

18.2 

12.3 

3. 

Levelling 

20.8 

32.3 

10.2 

4. 

Drainage 

27.2 

40.2 

15.2 

5. 

Manuring 

283.1 

2tD.4 

303 . 8 

G. 

Weed control 

1 6 . (i 

14G.(i 

1 16.6 

7. 

Pests it Disease control 

5/. 8 

79.1 

38.2 

8 . 

Plants & planting 

217.3 

2.50.2 

L{7.1 

9. 

Shade plants & planting 

16.8 

23.6 

10.7 

10. 

Siipervisit 11 

33.3 

33.3 

33.3 


Total 

!)3H.(i 

978.2 

902.0 



Table 

12.03. Functional 

aspects of Rejuvenation 

expenses 




.\\crage 

KH 

RBI 



Unit 

30 (‘Stall's 

24 estau s 6 eslat<*s 

1. 

Labour 

KMTH 

3.51.4 

357 . 7 

345.4 



Mandays 


(()08) 

(593) 

2. 

Material 

KMTH 

.5.53 . 9 

.587.2 

.523.3 

3. 

Overhead 

KM'TH 

33.3 

33.3 

33.3 


Lotal 

KMTH 

938.6 

978.2 

902.0 


Loss of Crop : In case of rejuvenation witli infilling 
& interplanting (RTt) the loss of crop was 49^’,, in the 
first year, and 13^’o second year. In case of reju- 

venation and block infilling (RBI) the loss was 44f\, 
in the first year only. 'Fhe loss of cr()|) in ease of the 
former was more, since the yield did not reach the level 
of tlie average of the cycle before r(ju\enalion even 
in the second )ear, while in the case olThe latter it cros- 
sed the pre-rejuvenation mark in the first year itself 
The loss of crop in case of rejuvenation is substantially 
lower than in replantation (Fig. 12.02). 

Yield Trend : 'Fhe yield trends of the two rejuvenation 
systems are presented in Fig. 12.01. 

The yield trend under rejuvenation with infilling 
and inter-planting (RII) shows a slower growth than 
rejuvenation with block infilling (RBI). In some cases, 
the cut across or deep skifhng treatment was given in the 
very first year after rejuvenation of RII sections, this 
resulted in a very slow growth of the bushes. Hence 
the yield was substantially lower than those left unpru- 
ned or light skiffed. The contribution from interplants 
could not be assessed separately. 

The yield trend in both the cases is identical, but the 
difference is only in magnitude. However it is feared 
that in RII, there may be downward trend earlier than 
in RBI treatment. 



Fif 12.01. Yield Trend 

(1) Rejuvenation with block infilling (RBI) 

(2) Rejuvenation %irich infilling & interplay 

tins (RII) ^ 




Payback Period : Results shown in Fig. 12.02 show 
thaMhe pwd';fck period is identical i.e. the fourth year 
in Ixxh the cases, irrespective of the variation in yield 


trend. 



Fig 12.02. Payback for two methode of rejuvenation. 

All expenees and yield expressed for one 
hectare in terms of kilogrames made tea 
(KMTH) 

Comparison of Rejuvenation and Replantation: 

A section becomes uneconomic, if it has a low break 
even yield. 'This calls for a decision for its improvement, 
either by rejuvenation, or by replanting. 'Fhe eco- 
nomics of each differ widely. 

The Table 12.04. shows the comparative per hectare 
expenses of rejuvenation and replantation, both expressed 
in kg made tea (KMTH). Replantation expenses arc 
about three times higher than for either types of rejuve- 
nation. 
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Tocklai Exerimental Staiioi* 


Table 12.04. Ccni pare th e Cost 

of Rejuvenation and Replantation 
(KMl’H) 


RH 

RIU 

Replanting 

Kxp<-nses 

978 

902 

2000 

I, OSS ()l c rop 

890 

817 

2700 

Total expense s 

10(i8 

1319 

4700 


Comparative benefits : Tabic 12.05 shows ihc com- 
parativt* benefits of rejnveiialinn with block infilling 
replantation. The yield trend in both cases is estimated 
on the basis of the latest avilable data. In the case of 
replantation, two yield trends Rep. ‘A’ and Rep. ‘IT 
have been shown to illustrate the efiects on profits from 
thi.'< operation (replanting). It is felt that both types 
of trend are possible even with the e.xisting technology. 



Fig 12*03* Comparison of benefits from rejuvenation and 
replantation 


It is expected that rejuvenation benefits will last for 
25 years before reaching the current bn'ak even yield 
of 10 quintals per hectare. Against this, the replantation 
benefit is expected to last at least fifty years, in both 
replantation ‘A’ and replantation ‘B’ before the yield 
drops to the same break even level. 

The total benefit of rejuvenation based on data pre- 
sented in Fig. 12.03. is estimated at 124.8 quintals of 
tea per hectare in 25 years where as replantation ‘A’ 
gives a net benefit of 488 quintals and replantation ‘B’, 
611.5 quintals per hectare. 

In the initial years, rejuvenation has an edge over 
replanting as the pay back period of rejuvenation is less 
than 4 years, where as replantation ‘A’ takes 8 years 
and replantation ‘B’ takes 7 years to cover the pay back 
peri(xl, without taking interest into account. 

The table 12.05. shows the total expenses at line 8 
and also the crop realised from the 1st year upto the 
year the yield drops to the break even level in line 9 
for rejuvenation and in line 15 for replantation A & B. 
At the 26th year, when rejuvenation yield drops to break 
even, the benefits of rejuvenation, replantation A and 
rctilantation B arc shown at line 9. 


Table 12.03. Total benefit and balancing point from rejuvenation and 
replantation {Qidntal Made lea per Hectare) 

Trend 




Rej. 

Rep. A 

Rep. B 

1. 

Actual tcjtal yic'ld at start 

338 

898 

793 

2. 

Deduct l)rcak even yiedd 

280 

2(i0 

200 

3. 

Ne-t yield 

278 

438 

533 

4. 

De-duct variable- expenses at 30% 

138 

219 

2(i9 

5. 

Contribution 

138 

219 

■’89 

8. 

Expenses tor Re-j./Rep. 

9.7 

20.0 

20.0 

7. 

Loss of croji 

3.3 

13.3 

13.3 

8. 

'I’otal ( 8 1 7) 

13.2 

33.3 

33.3 

9. 

Net contribution in 28 years 

121.8 

185.3 

235.5 

10. 

'I'otal benefit of Rep. over Rej. 





upto 23di year 


80.7 

110.7 

11. 

Balane ing point be twe-en Rc-j. & Rcq 


18‘ 

12 

12. 

I'otal gain from 2t)lh to 48tli ye-ar 


80.3 

7.32 

13. 

De-duct variable- cxijcnse-s 


302 . 3 

37(; 

14. 

Contribution 


3r)2 . 3 

378 

1.3. 

Total benefit in 48 years (9 111) 


388 

811.3 


f’urthcr replantation A gives 

185.5 (piintals, 

replan- 


tations B gives 235.5 quintals, whereas rejuvenation 
gives only 124.8 quintals of extra crop per hectare. This 
means that replanting, whether A or B, is more benefi- 
cial in the long run, even thougli it is more expensive 
initially. 

However, there is a balancing point at which the bene- 
fits of rejuvenation & replanting are the same, i’his 
happens in 12 years with replantation B with a higher 
yield trend, and at 18^ years with lower yielding replan- 
tation ‘A’ will affect the balancing point. 

The yield level after replantig with improvement in 
cultural practices and quicker method of bringing up 
young tea, one could, however, ('xpeet higher replanting 
yields as in ‘B’ or even more. 'The development activity 
should, be geared to long-term measures, taking into 
consideration long-term benefits. As shown earlier, 
even the average yielding replantation is more rtunune- 
rative tlian rejuvenation in the long run. 

MOTION AND TIME STUDIES IN PLUCKING 

With the contemplated growth of tea crop at an annual 
rate of nearly 3%, plucking of the crop will become a 
serious problem in the years to come-motion and time 
studies on plucking were, therefore, conducted with the 
following objectives : 

1 . To raise earnings of pluckcrs by increasing the 
efficiency of plucking. 

2. To help in plucking additional crop. 

3. To spot wasted time and effort. 

4. To effect possible cost reduction. 

Related factors ; Factors that affect the speed of 
plucking, and the quantity of leaf plucked are : 

1. Density of shoots or shoots available for plucking. 
This in turn, depends on yield of a section, jat, age of 
bushes, the spacing, the pruning treatment, and the 
vacancies in the section plucked. 

2. The weather at the time of plucking. 

3. The pluckcr’s performance, which depends on the 
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natural speed of the plucker, age, physical fitness, height 
of the plucking table in relation to the height of the 
plucker, the weight of shoot plucked and its fineness, the 
duration of plucking, the motions involved, the distances 
to be travelled, use of baskets or jhoohes, etc. 

Plucking efficiency : Table 12.06. shows (he shoots 
plucked per minute, the weight of shoot, total leaf pluck- 
ed per day, and the effective hours of plucking. The 


effective liours is the calculated time required for pluek- 


ing the total leaf harvested in a day at the observed speed. 

Table 

12.08. Indice 

i of plucking efficiency in eight estates 


.Shoots 

.Shoot 

Leaf 

Klfeetivc .Shoots 

Kstatc 

per ruin. 

wt. in 

j)lueked 

hours pi licked/ 



gms. 

in kg 

day 

1 

152 

.75 

30.0 

4.5 35239 

2 

112 

.93 

42.7 

5.4 40112 

3 

140 

.81 

3(i . (i 

5.4 30(i0l 

4 

140 

.71 

32.4 

5.4 45378 

5 

MO 

.94 

30.2 

3.8 32025 

(i 

125 

.85 

30.2 

5.7 42739 

7 

122 

.82 

23.9 

4.0 29182 

8 

102 

.89 

25 0 

1.7 28927 

Effective and actual plucking liours 

Fable 

12.07 shows the c 

fleet ive 

hours (4' plucking, 

the actual hours as 

observed, and 

tlie gro.ss hours for 

which the workers 

was in 

th(‘ cMi 

ile. Fhe efficiency 

has been 

worked out as a 

percentage of the effective 

hours on 

the gross 

hours. 




Table 12.07. 

Effective 

and actual plucking hours 

Estate 

KfV. hr. Actual hr 

(iro.ss hr 

% L(]e( live time 

1 

4.5 

5.4 

8.5 

53 

2 

5.4 

(i. 1 

9,3 

58 

3 

5.4 

5.0 

9.0 

(iO 

4 

5.4 

0.0 

8.8 

01 

5 

3.8 

5.8 

8.5 

45 

(5 

5.7 

7.0 

9.2 

ti2 

7 

4.0 

5.3 

7.4 

55 

8 

4.7 

5. 1 

9. 1 

52 


fn the case of estates 3 and 8 the effective hours are 
very ('los(* to the actual hours suggesting an uniform 
standard of efliciency while under obsei'vation and at 
other times. 'I’hc highest efficiency has come upto 
only 62 'Fhe difference between the gross hours 
and plucking hours is the time including rest, spent on 
non-plucking work, like walking for weighment etc. 

Plucker’s time utilisation : Table 12.08 shows' the 
details of the time utilisation by the plucker. 

Table 12.08. Break up of plucking time utilisation under a standard 
condition 




Fast plucker 

Slow plucker 



Hour 

Min. 

Hour 

Min. 

1. 

Plucking time 

7 

28 

6 

28 

2. 

Arrival time 

0 

10 

0 

10 

3. 

Preparation time 

0 

7 

0 

7 

4. 

Rest time 

0 

35 

0 

32 

5. 

Weighment time 

1 

01 

1 

08 

6. 

Departure time 

0 

5 

0 

10 

7. 

Total time 

0 

26 

8 

35 


Leaf plucked (kg) 

0 

46.0 

0 

23.1 


The arrival, rest and weighment time varies in diffe- 
rent estates and on different days. Arrival, depending 
on the distance between the plucking spot and the entry 
point, varied between 3 to 35 minutes. 'Fhe rest time 
was taken in different spells, often along with the weigh- 
ment breaks. Weighment time, depending on the 
distance walked and the number or weighments it vaiied 
from 40 to 105 minutes. 

'Fhe slow plucker’s output is lower due partly to less 
plucking time. 

Fast, Average and slow plucker s : A comparison 
of three teams of fast, slow and average pluckers in teams 
of two each, was made. The results are shown in tabic 
12.09. & 12.10. 


Table 12.09. Fast, Average and slow Pluckers performance in different 
estates 


Estate,; 

.Shoot/ 

min 

Fast 

kg/hr 

Averagt 

Shoot/ 

min. 

kg/hr 

Shoot/ 

inin. 

Slow 

kv ifr. 

( 

!!W-, 

1 

210 

B.O 

100 

5.0 

123 

5.2 

(i 

W , 

1 Vu' 

12.0 

14(i 

8.5 

102 

5.8 

2 

8.2 

118 

7.2 

114 

5.9 

-1 

190 

8.1 

144 

0.2 

93 

4.7 

3 

187 

0.3 

90 

5.1 

73 

3.8 

7 

103 

8.8 

137 

0.8 

07 

4.0 

5 

123 

7.(i 

120 

0.0 

93 

4.5 

8 

123 

0.3 

9(i 

5.1 

73 

3.8 

A\'erage 

177 

8.2 

133 

0 . 5 

95 

4.8 


It is seen that fast plucker plucks one third more than 
the average plucker, and the slow plucker one third 
less as shown in "Fable 12.09 

'Fable 12.09 (A) shows that a fast plucker gains 
1.6 kg in August which is more conducive for higher 
plucking against only 1 kg day gains by an average 
and slow pluckers. 

Table 12 . 10, Pluckers performance in different months 


l-’ast Av(T:ii»t* .Slow 


Estate 

.Shoot/ 

tnin. 

kg/hr. 

.Shoot/ 

min. 

kg/hr. 

Shoot/ 

min. 

kg/hr. 

July 

\ir\ 

7.1 

117 

5.8 

84 

4.1 

August 

184 

8.7 

138 

0.8 

90 

5.1 

September 

179 

8.3 

139 

0.7 

101 

5.1 


By anti large each category of female plucker viz. fast, 
average, and slow, plucks faster and harvests about 
4^/, more weight than male pluckers. The effective 
plucking time showed no difference. 'Fins may not 
be applicable in all situations. 

Plucking speed and plucking cost : The impact of 
: speed of plucking on plucking cost is shown in Table 
12 . 11 . 

The plucking cost includes plucking at 18 paise per 
kg, daily incentive at Rs. 1.28, . other fringe benefits like 
food subsidy, protective clothing, dry tea etc, and also 
a share of the Sirdars’ wages and fringe benefits. 
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Tocklai Experimental Station 


Table 12.11. Relaliorship heUteen plucking cost and plucking speed 

Fast Average Slow 

1. Qiiantily pliuked in 

5 hours (kg) 41 32. r> 24 

2. Qiiantity plucked % with 

avcrag(' 12h IdO 74 

3. Wage cost in pri( <7kg 170 IH.*) 212 


Results and suggestions : fn order to achieve the 
benefits of work study in practice, each estate will liave 
to conduct the study in their own ('stau*. It was un- 
derstood from the participating estates that no specific 
training is given to the pluckers, who mostly start pluck- 
ing in their teens. I'hey learn the trade from the existing 
pluckers. 

The work study helps in measurement of (a) True 
efliciency (b) Wasted motions (c) Non-plucking time 
vand (d) Effects of related factors. 

The suggestions for implementation are (a) Set tar- 
gets) (b) 'Erain pluckers (c) Reduce wasteful lotions 
(dj Reduce non-plucking time and (e) ('arry out occa- 
sional time studies. ^ 

DYNAMICS OF PODUG'EION, PRICES & COSTS 
IN TEA INDUSTRY 

The contemplated growth in crop of tea in coming 
years needs a clo.se study of the economic forces affecting 
the commercial aspects. 'Fable 12.12. shows the growth 
trend of the crop and price tea from 1933 to 1976, 

Table 12.12. Relationship between crop and price a long range study 


V'ear 

Crop tons X 10(X) 

Price Paisc/kg 

1933 

182 

90 

1938 

199 

99 

1943 

228 

177 

1948 

261 

344 

1953 

291 

437 

1958 

318 

484 

I9fi3 

.357 

519 

19fi8 

389 

584 

1970 

419 

655 

1971 

435 

679 

1972 

456 

(i54 

1973 

472 

685 

1974 

490 

1004 

1975 

487 

1074 

1976 

512 

1232 

Source Tra Statistics 


Correlation between crop and price 
r - 0.94 
100 r*- 88% 

(**♦ Significant at 0.001% level of probability) 

Demand of tea both in the domestic and foreign mar- 
kets has continuously been increasing. This has led to 
increase in price. Due to increase in price, industry 
made serious efforts to increase the crop. 

Table 12.13 shows the cost and price movements 
from 1933. 

Costs & Price have been chasing each other very 
closely. The increase in cost has led to increase in price 
& vice versa. 


Table 12.13. 

Price and cost trend in tea industry of India 

in dijferent years 

Year 

Price 

Cost 

Difference (P-C) 


(Paisc/kg) 

(Paisc/kg) 


Paise/kg 

1933 

90 

98 


8 

1938 

99 

104 


— 5 

1943 

177 

145 


1 32 

1918 

344 

266 


-1 78 

1953 

437 

260 


1 77 

1958 

484 

.529 


— 45 

1963 

519 

519 


- 

1968 

.581 

5! 7 


-f- 67 

1970 

ti55 

.546 


H 109 

1971 

t)79 

656 


+ 23 

1972 

(;51 

765 


-111 

1973 

685 

819 


— 134 

P T4 

1004 

851 


M53 

1975 

1074 

961 


4 113 

1976 

1232 

1000 


1 232 

Soijrce : Ecoiunnics ol E 

ra Industry in India; Dr 

. K. 

C. Awaslhi 


& IVa Stali.stir.s. 

Correlation between Price and co.st 

r - O.O.*) 

100r2 90% 

('''♦♦ Significant at 0*001 % level of probability) 

It further .shows that tlic cost has been higher than 
sale pri('e for periods between 1953 and 1973. Ihc 
cost has been increasing at an average of 22^ paise 
per year whereas the sale price has been increasing dur- 
ing the .same periods only by 15 J paise, till (he price 
overlook the co.st by a big leap, late in 1973. 

lug. 12.04 shows the fluctuations in the trend of net 
income (price le.ss cost), during 43 years penod (1933 
to 1976). Each lime the nbt income line moved into 
profit zone shown, the profit neutralised tlie previous 
losses partly only, because of the levy of taxation, pay- 
ment of bonus, and declaration of dividends. A close 
study of the co.st increa.ses indicates its direct link with 
wage increases, and in recent years, increased prices of 
fuel, manure etc. On the other hand, price is mostly 
dependent on external factors of world demand and 
supply and price competition. In this context a systema- 
tic study of dynamics of costs is imperative if production 
increase is to be assumed, maintaining the economic 
viability of the industry. 



Plucking wage cost for Assam Valley : The wage 
rates changed as per revised agreement with the workers 
w.c.f. 1st March, 1977. The minimum wage rate in- 
creased to Rs. 4.80 per day with effect from 1st March,. 
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* 17 . The plucking wages arc increased from 12 paise 
to IB paise per kg green leaf. The daily incentive is 
reduced to Rs. 1.2B per day. This will incrciLse by 
50 paise each year for tlie next two years. 

The workers receive fringe benefits with each wages. 
The two types of fringe beaicfils (a) bciu'hls variable 
with wages and (b) bcaiefils related to (‘mployrnenl, are 
given to the workers. The variable fringe benelits an! 
31.33 per cent of wages. It will remain the same with 
the increase in wages. Tlu* fringe* ben(‘fits related to 
employment may change* with the change in price of 
articles. The quantum of fringe benelits may vary 
in certain estates within Assam Valley itself. 

The variable fringe bt^nefits calculated for all the items 
is 333 *^ 0 - At the pr('scnt rate of Rs. 4.80 per day 
per worker, it is Rs. 1.51 {)lus tin* fringe benefits n'lated 
to employment in the form of food subsidy, housing, 
medical expenses, firewood, dry tea, protection clothing, 
creche and water supply etc. come to Rs. 3.29. I'hus 
the total wages are Rs. 9. GO per day. Only minimum 
bonus of 8 . 333 ;, was taken for calculating variable fringe 
benefits, the variable fringe benefits will increase with 
the amount of bonus. 

A formula for calculation of plucking cost in rela- 
tion to plucking/day was worked out and [)ublished in 
‘ I'wo and a bud’ vol. 24 No. 2 Dec., 1977. I he formula 
is illustrated below for four ca.ses of plucking and the 
cost per kg of net saleable tea is given under each exam- 
ple. Tea made is taken at 22%. 

Tabl^ 12.14. Plucked leaf and cost at different levels 


Kg plucked per day 

I 

II 

III 

IV 

Piuking cost per kg of 

25 

40 

40 

60 

Net saleable tea Ps. 

209 

172 

161 

151 


Economics of manuring ; The data collected dur- 
ing 1976-77 from 97 member estates of 950 sections 
plantcd/replanted during the last 25 years were collected 
in two parts. 

Part I was garden sheet analysis which was completed 
in 1976-77 and Part II comprised of sectional sheets 
which were re-arranged, and classified on the basis of 


sub areas and year of planting/replanting. 'Phe tabu- 
lation and analysis work is to start shortly. 

Techno-Economic study ; 'Phe department undertook 
Techno-Kconomic Study of one garden in the Dooars. 
Agricultural Economist with (lost Advisor and Advisory 
(Officer, West licngal visited the garden and collected 
necessary data. A (h tailed report was prepared and 
submited to the Directors. Some more enquiries have 
been made by member estates and the department may 
undertake limited hnumberof I'echno-Economic Studies, 
not more tlriri trc", during 1978-74. 

Tea economics courses i The department conducted 
two courses on ‘4'ea Economics’ of two day.s’ duration 
in June t'C: July, 1977. Phe to[)ics included in tea course 
arc giv(‘n below ; 

1. Profit Planning 

2. Input (k)sts 

3. Output costs 

4. PinaiK'ing 

5. budgetory conliol 

6. Break / concept 

7. Developnu'nt projects 

8. Productivity 

Phe course was inaugurated by Mr. IP W. Butterwick 
who also delivered the first lecture on Profit Planning. 
Mr. J. P. P. I’urst delivered the lectun* on ‘Profit Plann- 
ing, during tlu! second course. Phe faculty was mainly 
from Tocklai itself -Dr. R. C. Awasthi, Agricultural 
Economist, Mr. N. S. Venkatakrishnan, Cost Advisor, 
and Dr. N. K. Jain, Director. It was supplemented 
by one of the Economic Advisory Clommittec members 
Mr. P. K. Hose, Dimcun Broc, Calcutta for the first 
course. 

'Phe courses received good response from the member 
companies and tea estate.^. Participants included super- 
intendents, group managers, managers and Assistant 
managers in the two courses. 

'Phe course material was distributed in advance among- 
st the participants. Phe topics discus.sed in the courses 
were appreciated by the participants, as expressed by 
them in answer to a questionnaire issued to each at the 
completion of the courses. 
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ixeneral 

The Central Reference Library supplied regularly 
books and other publications to the ele\'en depart men- 
tal libraries at Mbcklai and five out-station branch libra- 
ries. Requisition for books and journals for Scientist of 
d ocklai and out-stations increased this year. Five new 
journals were adtkxl to the library thus making a total 
of 148 Journal heads. In addition 105 journals are 
received in exchange of 'Focklai publications. 

'Fhe library hours have been extended after ollice 
hours from 3-30 to 5-30 p.m. for the benefit of the Scien- 
tist of 'Focklai Campus. 

Arrangement is being done to fill up the vacancy of 
^ the C.ataloguer and to appoint one typist to help in the 
mcreased documentation and information works. 

I he 'Foc'dai Ck'iUral Library staff rendered technical 
srt^ice^ to the 'Focklai C3tildrcns’ Library and^Jorhat 
(iymkhana Club Library beyond office hours. 

'Fhe Documentation Assistant was sent to Delhi in 
January 1978 Ibr training in documentation for one 
month and to Karnataka in November 1977 to atUnul 
lASLIC C<mferenc(*. 

libra ry Servi ce 

'Fhe Science students of graduate and post-graduate 
clas.ses of Assam Agricultural University, Cauhati Uni- 
versity, Lecturers of J.B. College, Ba liana Cblh'ge, 
ir Sibsagar^College, Scientists of Regional Research Labo- 
ratory, Jorhat, One Year’s 'Frainee, V. P. Trainees of 
I’.R.A. Member Flstates, 'Frainees fnnn Mauritius and 
a few rc.search fellows in addition to 'Focklai .Scientists 
utilised the Library during the year. More than 100 
papers of photoco()ics of important and rare documents 
were printed by the Tocklai reprographic LInit and 
supplied to Dircctoi T.R.l. East Africa and members 
of F.R.A. 

Library Statistics 

The following were received in the Library during 
the year under review : 


Book added during the year 

154 

Periodicals & Journals 

.. 1476 

New Journals added 

5 

Pamphlets and Bulletins 

. . 580 

Photocopy 

3 

Reprints 

19 

Filmstrips 

2 

Publications (Consulted in Library 

. . 3850 

Publications Issiied to Departments 

2036 

Books lK)und during the year 

224 


Documentation & Information 

In addition to weekly accession list of books & periodi- 
-cals received in the library “Bulletin of Documentation 


on 'Fea” and twelve “Documentation list” contain- 
ing articles on applied science published difi'erent scienti- 
fic journals & periodicals were circulated during the 
year. 

A classified subject-index of Two ^ A Bud has been 
prepered and ready for printing & circulation. 

'Fhe bibliography on tea has been compiled and will 
be arranged in alphabitical order for printing & circu- 
lation. 

'I’hc glos>ary/dictionary of tea terms is also being 
taken up and will be completed in the next few months. 

'Fhe classification & cataloguing of books are in 
progress. 

'Fhe Regional Union Uatalogue Project of TNSDOG 
for North Eastinn Region has been taken up and for the 
project me re* than a dozen libraries have been visited by 
the Documentation Assistant to initiate <*ompilati(ai 
works. ('atal(\gue of holdings of 'Focklai library lias 
also beirn complied under tlu* above project. 

Paper cuttings relating to tea and other important 
topics are being continued and infornuiition files increa- 
sed during the year. Innumerable reference cpiestions 
were answered and informations r(‘garding tea, trade 
and industry w('re sufiplied to the scientists and mem- 
bers of J’.R.A. ^ 

PUBLICA'nON 

'Fhe activities of the Publication Section continued to 
be increased this year. Uompilation & proof reading 
of 'Focklai News, Annual Scientific Reports, 'Fwo & A 
Bud were done by the Publication Section with limited 
staff. One more staff in the Publication section will 
ease the situation. 

I'he following publications were issued from Tocklai 
during the year. 

1. (a) Two & A Bud, Vol. 24, Nos. I & 2 
(b) Tocklai News, Nos. 5 & 6 

2. Memorandum 

(a) No. 28 (Revised): Catchment Planning and 
Contour Planting for Safe Water Disposal, Water 
and Soil Conservation in the Plains Areas of North- 
East India, by — W. J. Grice. 

(b) No. 30 (New) : Shade Trees Green Crop 
and Cover Crop Plants in the Tea Estates of N.E. 
India, by — A.C. Dutta. 
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3. Occasional Scientific Papers 

(a) No. 10 : Aii Approach for Studying Ground- 
water Problems in the Tea Q-Estatcs, by— S.K. Dey 
and J. G. Gavelaars. 

(b) No. 1 1 : Nitrogen Manuring of Mature 

'Tea, by F. Rahman. 

4. Special Bulletin 

No. 9 Soil and (Uimatic (Conditions of Sibsagar 
and Nowgong Tea Districts, by S. K. Dey, R. G. 
Ghakravarty, P. Gliosh & Deepa Saikia. 


5. Miscellaneous Reports 

(a) Annual Scientific Reports for 1976-77 

(b) Fnginering Research & Development Depart- 
ment Qiiarterly Reports for quarter ending 30th 
June, 30th Sept., 31.st December 1977 and 31st 
March, 1978. 

(c) Proceedings of the Twenty Faghth Gonference 
held at 'Focklai on November 24 through November 
26, 1977. 





LIST OF EXPERIMENTS CONDUC'l'ED IN THE MEMBER ESTATES 

BY 

ADVISORY DEPARTMENT 

Soutli 


Project 

Site Index 

V'ear of 



s\.. 

starling 

NPK manuring of mature tea 

Panltola 

As. 108 

1973 

-<lo- 

'Thowra 

As. Ill 


-do- 

Rupai 

As. 114 


-do- 

DitHoo 

As. 120 


-do- 

Melrng 

As. 142 

1970 

Ffjliar application of zinc 

Panitola 

As. 109 

1973 

Shade in relation to tea nutrition 

Thowra 

As. 110 


-do- 

Bold u hi 

As. 113 


-do- 

Methoni 

As. 119 


Plucking Experiment 

Nahortoli 

As. 120 

1974 

-do- 

Eohpohia 

As. 1 33 


In.'-lling Experiment 

I lalmari 

As. 129 


Rej^enation Experiment 

'Tara 

As. 128 

« 

\ -do- 

'Teloiian 

As. 130 

• 

J -do- 

Dilli 

.As. 100 

1978 

Cultivation Experiment 

Ihohall 

As. 134 

1975 

Young 'lea Manuring (Y I'D) 

Fatikjan 

As. 144 

1970 

-<lo- 

Mehng V 

'.s. 145 

1977 

Young I'ea Manuring (Response 




Surface NPM) 

Balijan (H) 

As. 153 

1978 

-do- 

Se|)on 

As. 101 

1978 

Micronutrient 'Trial 

Dilli 18 

As. 1.54 

1977 

-do- 

Dilli 5 

As. 155 


-do- 

Dilli 9 

.As. 1 .50 


-do- 

Daimukhia-9 

As. 157 


-do- 

Dairnukhia-f) 

.As. 1.58 


-do- 

Daimukhia-13 

As. 159 


-do- 

Meleng 

As. 102 


-do- 

Sveotta 

As. It >3 


-do- 

1 )hekiajulli 

As. 104 


-do- 

Borsapori 

As. 105 


-dt» 

Bokakhat 

As. 100 


-do- 

Methoni 

As. 107 


North Bank 




NPK manuring of mature tea 

Monaharrie 

An. no 

1973 

-d<»- 

Xaharani 

An. 123 


Shade in relation to level of tea 




nutrition 

Partabghur 

An. 118 


Rejuvenation 

Kacharigaon 

An. 135 

1974 

-do- 

Tezpur-Cogra 

An. 1 30 


-do- 

Baglimari 

An. 137 


Infilling 

Kacharigaon 

An. 140 


-tlo- 

Baghrnari 

.An. 141 


Nitrogen with and without mulch 

Sessa 

An. 138 

1975 

Plucking and Pruning 

Dhoolie 

An. 139 

1974 

Micronutrienl Trial 

Durrung-IB 

An. 140 

1977 

-do- 

1 )urrung-l A 

An. 147 


-do- 

Singrijan 

An. 148 


-dt)- 

l'arajulir-2 

An. 149 


-do- 

Tarajulie-22 

An. 150 


-do- 

'Tarajulie-19 

An. 151 


Spacing Trial 

North Bank 

An. 1.52 


Cachar, Assam 




NPK Manuring of Mature Tea 

Silcoorie 

C. 38 

1973 

-do- 

Longai 

G. 39 


Clonal resjKinses to N in different 




agro-climatic region 

Coombergram 

C. 20 

1962 

Rejuvenation 

Isabheel 

C. 47 

1974 

Plucking & Pruning 

Hattikhira 

C. 45 


-do- 

Silcoorie 

C. 46 

1975 

Young Tea Manuring (YTD) 

Borojalingah 

G. 49 

1977 

Young Tea Manuring (Response 




surface NPK) 

Arcuttipora 

C. 50 

»» 


Project 

Site Index 

No. 


Year of 
starting 

Bringing up of young tea 

Arcultiporc C. 

51 

1977 

(studies on frame development) 

Micronutrient Trial 

Issabhe<4-4 C. 

52 



-do- 

Issal>heel-7 C. 

53 



-d.»- 

Issabheel-11 C. 

54 



Dooars & Terai (West Bengal) 





NPK Manuring of Mature Tea 

Bagrakota 

D. 

55 

1973 

-do- 

Sam Sing 

1). 

51) 


-do- 

Nimtijhora 

D. 

57 


-do- 

( iungaram 

Tr. 

7 


Nitrogen Fertilizer 

Baradighi 

J). 

33 

1962 

Clonal response to N in different 
agro-climatic region 

.Nya .Sylee 

D. 

24 


Cultivation & Weed Control 

Chuapara 

1). 

42 

1970 

Shade & Nutrition 

< iandrapara 

1). 

50 

1973 

Inlilling 

Kartick 

1). 

41 

19()9 

-do- 

J a inti 

1). 

10 


-dr.- 

Fagu 

1). 

37 


-do- 

Sahahad 

Tr. 

4 


-<lo- 

Mohurgong 
& (iuhna 

Tr. 

3 


Rejuvenation 

Dalgaon 

1). 

43 

1972 

-do- 

Melelli 

1). 

44 


-do- 

Kilh ott 

1). 

45 


-do- 

Rydak 

1). 

16 


-do- 

Kumlai 

1). 

47 


-do- 

< iungarnm 

TR. 

5 


Plucking & Pruning 

Birpara 

D. 

.58 

1974 

-do- ‘ 

Dalsingpara 

D. 

.59 

JT 

-do- 

Hansqua 

TR. 

(iO 


Clone vs Nitrogen Trial 

Nagrakata 

1). 

18 

1973 

Irrigation 

Dam Dim 

1). 

63 

1976 

Longterm 'Trial 

Nagrakata 

1). 

61 

1974 

New Long term trial 

Nagrakata 

1). 

6)2 

1975 

Young '^Tea Manuring (V’TD) 

Nagrakata 

D. 

65 

1977 

-do- 

Nagaisurrie 

D. 

66 


Young Tea Manuring (Response 

surface NPE) 

Rydak 

1). 

67 

1978 

-do- 

Lakhipara 

1). 

68 

1977 

-do- 

Bhogotpore 

1). 

69 

1978 

Bririging up young tea 

H.aldibarie 

D. 

70 

1977 

Mieromitrient Trial 

Bl)arnabari-.5 

1). 

71 

1977 

-dn- 

Thariiabari-6 

D. 

72 


-do- 

Bharnabari-7.A 

T). 

73 


-do- 

Crassmore 

D. 

74 


-do- 

Nagrakata 

D. 

75 


-do- 

Bhogotpore 

D. 

76 


Darjeeling 





NPK Manuring of Mature Tea 

Ghongtong 


34 

1973 

-do- 

Nagri Farm 

D.i. 

35 

y'f 

Nitrogrn Fertilizer 

Lingia 

Dj. 

29 

1967 

Clonal response to N in different 

Nagri Farm 

Dj. 

19 

1961 

agro-climatic region 

P & K with and without 
weedicide 

Ch among ) 
Sungma r 

Dj. 

31 

1970 

Infilling 

Nagri ’ 

Bannockburn 

Dj. 

36 

1974 

Rejuvenation 

Bannockburn 

nj. 

38 


Young 'Tea Manuring 

(irelli 


48 

1978 

NPK Young tea response surface 

Phoobsering 

Dj. 

47 


Micronutrient 'Trial 

Ringlong 

Dj.43 & 44 1977 

-do- 

Balasun 

Dj.45 & 46 „ 

-do- 

Goo rn tea 

Dj.41 & 42 „ 

-do- 

Maharani 

Dj.40 




^p|jfn5is - 16 

LIST OF EXPERIMENTS CONDUCTED IN THE MEMBER ESTATES 

BY 

THE OTHER DEPARTMENTS 


BOTANY DEPARTMENT 



List of Estates under 

nlonal selection scheme 

SI. No. Name of Estate 

Year of starting 

SI. No. Name of Estate 

South Bank, Assam 


6. (iingia 

1. Heelt'akah 

1972 

7. Malem 

2 . Duklingia 

1973 

8. Chapar 

3. liasabari 

1971 

9. Choibari 

4. Borhaiu 

1975 

10. Kokrajhar 

5. Dahingiapara 

1975 

11. Mornoi 

6. Sotai 

1975 

- 

7. Hukhial 

1975 

Cachar, Assam 

H. Dilli 

197<) 

1. Chandighat 

9. Cherideopurbat 

1976 

2. Ihirtoll 

10. ringalibaui 

197(i 

3. Poloi 

11. Longboi 

I97(> 

4. Narsingporr 

12. Dinjan 

1976 

5. Longai 

13. (iabni Purbat 

197ii 

- - 

14. Hahvalling 

1977 

Dooars & Terai, West Bengal 

15. .\mgoorii' 

1977 

1 . f jopalpur ■ ' 

16. Mokrung 

1977 

2. Chuapaia 

17. (iatoonga 

1977 

3. Citmlral Dooars 

16. Rungamattv 

1977 

4. Kartick 

19. Neghriling 

1977 

5. Rydak 

20. Dooria 

1977 

6. Leesh River 

21. ( iopalkrishna 

1977 

7. Bainlgoorie 

22. .\mluckie 

1977 

ft. Birpara 

23. Diju Vall(‘y 

1977 

9. (iarganda 

24. (iouranga 

1977 

10. Subhasini 

25. Kaliapani 

1977 

11. Dalsingpara 

26. 'Feloijan 

1977 

12. Engo 

27. Deepling 

1977 

13. Samsing 

28. Hot’sillah 

1977 

14. .\ibheel 

29. Naiuburnadi 

1977 

15. Nevvland 

30. Dalcnyjan 

1977 

1(>. Firrihana 

31. Horkatoni 

1977 

17. Mohorgong & (Julma 

32. Monohari 

1977 

18. Bijoynagar 

33. Lengrai 

1977 

19. Panighatta 

34. .Sangsua 

1977 

- - ■ 

— . ‘ 

_ 

Darjeeling, West Bengal 

North Bank, Assam 


1. Happy Valley 

1 . Durrung 

1975 

2. Soom 

2. Birjhora 

197() 

3. Lingia 

3. Nagrijuli 

197(i 

4. Balasun 

4. Dhunseri 

1976 

5. Singbuli 

5. I’arajuli 

197t> 

6. (kiomlee 


ENTOMOLOGY DEPARTMENT 


Year of .Starting 

197G 

197G 

197(i 

iy7r) 

197G 

197(i 


197G 
197G 
197G ^ 
197G ' 
1976 


197G 

197G 

197G 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1976 

1977 
1977 
1977 
1977 
1976 
1976 
1976 
1976 


1975 

1975 

1975 

1975 

1975 

1977 


SI. Experiments 

No. 

1. F.fTeel of mierorlimale on mites 

2. EfFeet of longer priming cycle on mites 

3 . Effei t of Foliar application of Looper caterpillar 
4' Studies on the Geld incidence of Looper caterpillar 
5^ Effect of longer pruning cycle on 'Fhrips 

6. Studies on the seasonal incidence of scale insects 

7. Susce|jtihility of clones to Cockchafer 

8^ Studies on distrihulion and ahundance of shot hole borer 
9! Susceptibilities of clones to 'Fea Helopeltis 

10! Survey of shade tree pests 

11. Studies on the incidence of shade tree pests 

12. Testing of nematieides (Prophylactic trial) 

13. Nematicidal control trial in Nursery (Palliative trial) 

14. Purple mile control trial 

15. Cockchafer control trial 

16. Red .spider control trial 

17. Looper control trial 

18. Helopeltis control trial 

19. Termite control trial 


Location of 
estate 

Site 

Index 

No. 

Year started 

South Bank 

14ooi ia 

6 

June, 1977 

South Bank 

(iobindpur 

6 

(line, 1977 

Dooars 

Meenglass 

6 

April, 1977 

South Bank 

Dooria 

6 

February, 197 7 

Dt)oars 

Nagaisuree 

6 

March, 1977 

South Bank 

Cinnarnara 

() 

March. 1977 

Dooars 

Bainlgoorie 

6 

April, 1977 

South Bank 

Sveotta / Moubund 

6 

March, 1977 

South Bank 

Namdang 

6 

— 

Dooars 

Kadamini /CoochBehar 6 

Nov. 1977 

South Bank 

Dooria / Cobindpur 

6 

April, 1977 

Dooars 

Kartick & Satali 

6 

Dec, 1977 

North Rank 

Farajuli 

6 

lune, 1977 

Dooars 

Aibhell 

6 

March, 1977 

Dooars 

Batabari 

6 

Sept, 1977 

Dooars 

Meengla.ss / Gobindpur 

6 

March, 1978 

North Bank 

Durrung 

6 

May, 1977 

South Bank 

Namdang 

6 

June, 1977 

South Bank 

Khongea 

6 

January, 1977 
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Tocklai Experimental Station 


MYCOLOGY DEPARTMENT 


SI. Kxpcriiiirnt 

No. 

1. Lvalualioii of ciiffori'nt forinulation against rod rust 

2. KffW't f)l diflVu nt ( oru rntralions of ropprr id<“ <in rrci 

rust \vh<*n applied willi a power sprayer 

3. Screening of lungieides against blat k rot in pruned tea 

4. Screrning of fungicides against bla( k rot in skifled lea 

5. KffW l of different concentrations of (opper fungi( ides on blac k 

rot when ap[)lied with a povv(‘r s})rayer 
f>(t Screening of fungicides against blister blight 

7. Kffect of different treatrnenH on the control of blister and yield 

return 

8. Chemical control of primary root disease 

9. -do- 

10. -do- 

ll. -do- 

12. -do- 

13. -do- 


Eocation 

Site 

Index 

No. 

Year of starting 

South Bank 

Bokahola 

MR 024 

1977 

South Bank 


MR 025 

1977 

,, 

IDesain 

MB 017 

1977 


,, 

MB 018 

1977 



MB 019 

1977 

1 Darjeeling 

Phoobsering 

Ml- 008 

1977 

- 

Ary a 

Mi’ 005 

1970 

South Bank 

Nahorkutia 

MP 002 

1974 

South Bank 

B )rhal 

MP 003 

1975 

North Bank 

Tarajuli 

MP 001 

1973 

-do- 

rhankurbari 

MP 001) 

1975 

1 Darjeeling 

Balsauti 

MP 005 

1974 

South Bank 

Dilli 

MP 007 

1970 


ENCINEERING DEPARTMENT 


I 

si:'no 


Experiment 


Place 


2 . 


IVial of Continuous 'Tea Roller 
Trial of vs ithered Leaf Prec:ondilioner 


Mc'leng 


AGRONOMY DEPARTMENT 


SI. No Experiment 

1. Kffect of diuron application on young tea (concluded) 

2. Cultivation experiment in collaboration with Advisory deptt. continuing 


Place Year 


Amgoorie 1977 

Hatimara 1977 


BIO-CHEMISTRY DEPARTMENT 


SI. No Experiment 

1. Fermentation test conducted in the tea factories of 


Place 


Year 


1. Cinnamara 

2. Hunwal 

3. Sycotta 


1977 



^pfu'iu'iu-or 


PUBLISHED PAPERS & PAPERS IX IIIE PRl^SS 

Jain, J.C., Choiidhiiry, M.NJ) , Bajaj, K.L. & Ma- 
thur, N.K. 1978. Sonic applicalions of Polyslyrciu* 
Sulphanic Acid Resins. Proc. of ihe Ion Exchnnoe Sympo- 
sium held in P'ebruarx 78 at Central Salt and Manne Chemical 
Research Inslf., Phavaria^ar pp, j7. 

(Abs. l\>lysl yrene sn I phonic, acid ri\sins, because of 
(heir nnifunctional character hav(‘ b(‘en widely used 
for lal)oi‘a(ory work. 'Die Ainlierlite n‘sin IR-12b 
(H) has lieen used for the removal of (‘xi'css ol lead in 
the deterniinalion o»' water-soluble ('arboliydi ales in 
tea leal'. This melhoil is n'liroduciblc and suit dile 
for routine analysis. 'The same resin has also been 
used for the removal of anions presi-nl in the pectin 
moieties |)re|iared from txxi haif. 'The us(! of polystyrene 
sulphonic acid resins (Dowi'x .^)()VV-X8 Mesh si/.e 
20-5()US) as an acid catalyst has been (hwadopecl loi 
the acyla ion of aminoacids. In view of tlu* advanl- 
at’<'s of us(‘ of resin over conviaitional methods, two 
types of reactions usine; resin hav(‘ been studied, first 
typi' deals with the moclilit'ation ol — (.1()C)H group fiy 
csterilication and the other related to the acylation 
of — OH group in hydroxy aminoacids.) 

Manivi'l, L. & Muthukrishnan, L.R. 1977. The 
cHect of Soil Application ol NPK on the Fruitfulness of 
Buds in the Anab-E-Shahi Grape Variety. Madras 
agric. J. 64 (7) : 463-466, July. 


(Abs. N.P.K. fertilizers were ap[)li('d to Anab-o 
Shahi viiK's, sepearately and in combination about two 
wet'ks prior to fruitbud initiation. The buds wree 
collected after tin* harvest of the crop and observed 
mieroscopleally for fruitfulness. I’he nutrients, K in 
th(! basal region and P in tlie ili^tal region of tlu' cane 
liad inci(‘as(‘d tlu' fniitfulness of buds signilieantly. 
Higher j)crc('ntage of fruit lidiu ss was observed in the 
nodes 8, 9 and 10 as against the usual positions 3-.') 
nodes in the locality. 'Flic hmgth to widh ratio of 
the cluster primordia was inveisely proportional to 
die number of fritful buds in a cane.) 

Dcy, S.K. Gohain, K.K. 1978. Filfcct of [ihosph.ite 
mulch and ( hemica! weed control on produclion (}f 
feeder (absorliing) roots, ujitakc of phosphate by tea ar.a 
available soil phosphatix Proc. Symposium on Plantc.iion 
Crops, h'oUyam, her ala, on 20-23 March, (in press). 

Singh, B. & .( )'( lallaghan, J.R. 1977. Elleet of inter- 
Ilow on Soil Drainage. J. agric. eng. res. (in pntss) 

Singh, B. & O'Gallaghm, J.R.. 1977. Non-stcady Draiii- 
ag(* in a Fiyiuc 1 soils. J. agric. eng. res. (in press) 

Singh, B. & O'Gallaghan, J.R. 1977. Finite Element 
Solution to the Problem of Drainage of layered soils. 
J. agric. eng. res. (in press). 
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SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1977 


Table 1. Tocklai (Mid Assam) 


Latitude 2()°47' N Longitude 94® 12' L Altitude 96. 5m (a. m.s.l.) 


Daily temperatures “C Rainfall (mm) Daily .Soil Temp. Monthly 








— 

— 


(under grass) 


evaporation 

Months 

1977 

Mc*an 

Max. 

Mean 

Min. 

M<-an 

Highest 

Max. 

Lowest 

Min. 

Monthly 

total 

Rainy 

<lays 

Diily 

sunshin<‘ 

hrs. 

5 cm 

1 )eplh 

15 cm 

30 ern 

( 

(9j)en 

pan 

rnrn) 

Pen- 

man 

fanuary 

21.3 

(22.4) 

10.0 

(9.4) 

15. (, 
(15.9) 

24.2 

(i.O 

37.9 

(21.3) 

6(5) 

5.7 

(5.9) 

17.4 

(18.6) 

17.4 

(18.2) 

18.3 

(19.0) 

32.8 

58 . -1 

February 

24.6 

(24.0) 

12.3 

(11.9) 

18.4 

(18.0) 

27.4 

7.0 

37.1 

(32.1) 

8(8) 

7.3 

(6.2) 

20.0 

(20.4) 

19.4 

(19.8) 

19.8 

(20.2) 

.50.7 

84.9 

March 

27.9 

(27.5) 

17.0 

(15.5) 

22.4 

(21.5) 

31.5 

13.3 

76.9 

(79.2) 

10(11) 

6.9 

(6.7) 

23.8 

(21.0) 

23 . 3 
(23.1) 

23.5 

(23.1) 

79.0 

129.0 

April 

25.8 

(28.7) 

19.6 

(19.0) 

22.7 

(23.8) 

30.8 

17.1 

443.2 

(192.1) 

23(16) 

3.7 

(5.9) 

24.7 

(26.8) 

21.5 

(25.8) 

24.4 

(25.6) 

67.4 

111.9 

May 

28.8 

(29.9) 

21.5 

(21.8) 

25.2 

(25.8) 

32.9 

18.5 

625.6 

(278.3) 

21(20) 

5.(i 

(5.0) 

27.8 

(28.7) 

27.2 

(27.8) 

2(i.9 

(.^7.6) 

93.7 

1 53 . 5 

June 

29.6 

(31.5) 

23.8 

(24.1) 

26.7 

(27.8) 

34.5 

20 . 5 

291 .8 
(330.:^) 

21 (’3) 

3.7 

(1.5) 

29.5 

(30.()) 

28.8 

29.7) 

28.7 

(29.6) 

8 ).3 

131.8 

July 

32.6 

(32.2) 

25.6 

(24.6) 

29.1 

(28.4) 

34.5 

23.5 

4.:i .8 

(v:o.(.) 

21(25) 

5.3 

(1.7) 

32.0 

(31.4) 

* 31.3 
(30.6) 

31.2 

(30.6) 

1 03 . () 

168. 1 

August 

31.6 

(32.0) 

25. 1 
(24.6) 

28.4 

(28.3) 

34.7 

21 .8 

119.2 

(314.6) 

22(23) 

5 . 2 
(5.1) 

31.2 

(31.4) 

30.8 
(30. r,) 

30.9 
(3 ).(>) 

92.1 

1.56.2 

September 

31.8 

(31.2) 

24.9 

(23.9) 

28.4 

(27.6) 

35.5 

22.2 

131.7 

(255.1) 

16(19) 

5.4 

(5.1) 

30.7 

(30.8) 

30.3 

(30.2) 

30. 1 
(30.2) 

81 .8 

139.9 

0<tob<T 

28.4 

(29.3) 

20.6 

(21.0) 

24.5 

(25.2) 

31.8 

16.5 

181.3 

(117.6) 

12(12) 

5.7 

(5.6) 

27.3 

(28.4) 

27.2 

(28.0) 

27.8 

(28.1) 

61 . 1 

113.0 

November 

25.9 

(26.3) 

16.3 

(15.3) 

21.1 

(20.8) 

29 . 1 

12.3 

19.5 

(27.6) 

6(1) 

5.8 

(6.1) 

23.1 

(21.0) 

23.3 

(23.7) 

24.0 

(24.6) 

40.6 

79.4 

Decern lx‘r 

22.9 

(23.3) 

12.4 

(10.6) 

17.7 

(17.0) 

25.3 

8.(» 

18.7 

(11.1) 

5(3) 

5.9 

(6.0) 

19.6 

(19.7) 

19.8 

(19.5) 

20.8 

(20.(,) 

31.4 

.58.9 


PER CENT RELATIVE HUMIDITY 
Table 1(a). Tocklai 


Hours of Observations 
1ST 

Jan. 

Feb. 

March 

April 

May 

June 

.July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0til3 

94 

92 

91 

94 

94 

93 

90 

92 

93 

95 

95 

96 


(9(i) 

(94) 

(92) 

(91) 

(92) 

(92) 

(93) 

(91) 

(95) 

(96) 

(96) 

(96) 

1313 

59 

49 

55 

73 

70 

76 

72 

74 

71 

69 

66 

62 


(57) 

(54) 

(53) 

(62) 

(71) 

(75) 

(75) 

(74) 

(74) 

(72) 

(61) 

((>0) 


Note : I : Data in bracket show previous averag<*s. 

II : Soil temp, at different depths are mean of morning and afternoon observations. 
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SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1977 
Table 2. Silcooria, Cachar 


Udludc 2r50' N I-oiiKiludr IC Altitude 39.6m (a.m.s.1.1 



Daily temperatures "C 



Rainfall ( 

mm) 


Daily Soil Temp. 
‘’Cl (under gra.ss) 


Monthly 

Months 








Daily 

sunshine 

Ins. 


evaporation 

(mm) 

1977 

Mean 

Miix. 

Mean 

Min. 

Mean 

Highest 

Max. 

I .OVVt'St 

Min. 

Monthly 

total 

Rainy 

days 

5 cm 

Depth 

15 cm 

50 cm 

Open 

pan 

Pin- 

man 

January 

24.5 

(25.9) 

10.8 

(10.9) 

17.6 

(18.4) 

27.7 

7.5 

9.4 

(17.6) 

5(2) 

8.0 

(8.0) 

20.7 

(21.2) 



55.7 

71.6 

February 

26.2 

(27.6) 

12.5 

(12.9) 

19.4 

(20.2) 

29.6 

7.7 

.55.2 

(50.t.) 

6(4) 

8.2 

(8.2) 

22.4 

(25.2) 

? 

> 

09.0 

97.4 

Marcli 

51.4 

(50.7) 

18.6 

(16.5) 

25.0 

(25.6) 

55.9 

15.2 

57.2 

(108.9) 

8(7) 

8.5 

(8.1) 

27.8 

(26.8) 

? 


106.2 

157.4 

April 

27 . .‘i 
(31.(1) 

19.7 

(20.4) 

25. ti 
(26.1) 

52.9 

It). 7 

807 . 8 
(265.9) 

25(14) 

5 . 5 
(7.6) 

25.7 

(29.5) 

? 

p 

78.0 

155.5 

Ma>' 

29.1 

(51.8) 

21.7 

(22.7) 

25. 

(27.2) 

51.5 

18.8 

728.1 

(576.5) 

21(19) 

5.(i 

(6.6) 

28.0 

(50.5) 


p 

85.5 

1.52.6 

June 

50.4 

(51.5) 

25.7 

(24.4) 

27.0 

(28.0) 

54. 1 

21 .0 

5.50.0 

(612.4) 

28(24) 

4.2 

(4.2) 

29.5 

(50.6) 


p 

67.4 

157.5* 

July 

52 . 7 
(52.0) 

25.4 

(21.9) 

29.0 

(28.4) 

5 . > 

25.5 

521.4 

(.527.4) 

28(27) 

5.ti 

(4.4) 

51 .8 
(51.2) 


;* 

69.6 

169.7 

August 

51.8 

(52.2) 

24.4 

(21.8) 

28.1 

(28.5) 

5(i.l 

25.8 

457.4 

(455.9) 

21(25) 

5.5 

(4.9) 

51.2 

(51.4) 

•j 

p 

75.0 

1.55.9 

September 

52 . 5 
(52.5) 

24 . 8 
(21.4) 

28.6 

(28.4) 

5().7 

22.7 

145.1 

(541.2) 

18(18) 

7.0 

(5.7) 

51.4 

(51.2) 


p 

78.8 

157.4 

0( loher 

50. 1 
(51.5) 

21.7 

(22.5) 

25 . 9 
(2(1.9) 

55. () 

19.0 

210.0 

(205.8) 

15(11) 

7.0 

(6.6) 

29. 1 
(29.6) 


•j 

81.5 

151.9 

Nov emlxr 

28.4 

(29.2) 

18.9 

(17.5) 

25. (i 
(25.5) 

51.8 

16.0 

48.4 

(56.4) 

2(5) 

ti.6) 

(7.8) 

26.2 

(26.0) 


p 

57.5 

95.2 

Dt'cemlicr 

26.4 

(26.8) 

1 5 . 6 
(12.4) 

20.0 

(19.6) 

28.8 

10.6 

50.2 

(9.(,) 

5(1) 

8.0 

(8.0) 

22.8 

(22.5) 


p 

52.5 

80.1 


PER CENT RELATIVE HUMIDITY 
Table 2(a). Silcoorie 


Hours of (Observations Jan 

1ST 

F<4). 

March 

April 

May 

June 

.Jwly 

Aug. 

Sep. 

On. 

Nov. 

Dee. 

0()19 f’h 

95 

92 

94 

94 

9(i 

95 

95 

94 

97 

97 

98 

(98) 

(97) 

(94) 

(91) 

(91) 

(95) 

(96) 

(96) 

(95) 

(96) 

(97) 

(98) 

1519 49 

47 

47 

74 

70 

78 

74 

75 

70 

69 

67 

55 

(46) 

(45) 

(44) 

(57) 

(67) 

(76) 

(76) 

(74) 

(71) 

(68) 

(57) 

(49) 


Note : I : Data in bracket show previous avrragi's. 

11 : Soil temp, at (iiflTcrrnt depths are mean of morning anti afternoon observations. 
Ill : ? indicates data not available. 
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Tocklai Experimental Staiion 


SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1977 


Table 3. Nagrakata (Dooars), West Bengal 


LatilucU- 

Daily tonipcratun s ( 1" 


Months 

1977 

M<‘an 

Max. 

Mean 

Min. 

Mean 

January 

22.5 
(24. b) 

10.0 

(10.1) 

10.7 

Fc-ljniary 

25.7 

(25.4) 

14.0 

(12.8) 

10.4 

March 

40.1 

(20.1) 

17.2 

(10.4) 

23.8 

^April 

27.() 

(41.1) 

10.4 

(20.1) 

23.5 

May 

20.4 

(40.7) 

20. ti 
(21.7) 

25.0 

✓ 

June 

20.5 

(40.4) 

22.0 

(24.4) 

20.2 


40.8 

(40.4) 

24.5 

(23.8) 

27. () 

August 

30.8 

(40.7) 

24.2 

(24.7) 

27.5 

September 

41.4 

(30.0) 

23.3 

(22.8) 

27.4 

October 

28. t; 
(29.8) 

10.4 

(10.0) 

24.0 

Novemb<r 

20.7 

(27.4) 

lO.O 

(14.7) 

21. () 

December 

24.0 

12.0 

18.3 


(24.8) (11.5) 


Lor.tiihKlc K 

Kainlall (nim) 


lii^hcsi 

Max. 

I.owest 

Min. 

Monthly 

total 

Rainy 

days 

Daily 

snnshitic 

Ins. 

24.8 

5, 1 

0.7 

(12.1) 

-) 

(h 

7.1 

(7.t.) 

20. ti 

7.4 

20.2 

25.2) 

■> 

(4) 

7.0 

(7.1) 

33.5 

11.4 

20.7 

(37.8) 

t) 

(1) 

7.(» 

(7 7) 

30.8 

l(i.2 

248.0 

(138.2) 

25 

(10) 

5 2 

(/’■o) 

42 . 4 

15.:^ 

t)20.0 

(3.52.7) 

25 

(20) 

ti.t) 

(0.5) 

32.0 

20.4 

()r.o. 7 
(804.0) 

41 

(20) 

4.8 

(4.0) 

44.0 ^ 

22 . 7 

542 . 4 
(1070.2) 

28 

(27) 

4.0 

(4.4) 

44 . 1 

23.0 

10.50. 1 
(7(.0.7) 

2(i 

(27) 

1.2 

(1.1) 

35.4 

2 1 . 2 

570.8 

(552.8) 

10 

(22) 

5.0 

(5.1) 

31.0 

10.1 

248.7 

(220.0) 

h> 

(10) 

7. 1 
(7.7) 

20.0 

13.2 

38 . 8 
(18.8) 

t4 

(4) 

7.3 

(8.0) 

20.1 

O.t) 

24.1 

(3.4) 

4 

(1) 

7.4 

(8.3) 


AlliliKli- ( a.m.s.l. ) 

Daily Soil rciiip. Monthly 

®(:: (niuha- ^:rass) rvaporation 

(nun) 


cm 

D<'plh 

1 5 cm 

40 cm 

Open 

])an 

Pen- 

man 

17.8 

18.0 

20.0 

02.0 

()0.3 

10.8 

10.8 

20.4 

89 . 8 

98 . 3 

21 . 2 

23.9 

24 .8 

145.8 

1 10.5 

25 . 4 

25.5 

2-). 1 

107.4 

133.0 

2(i.8 

21). 8 

2().8 

1 48 . () 

1()5.5 

28.2 

28.0 

27.4 

84.8 

1 45 . 8 

29. (> 

28 . 8 

29.0 

98. t) 

1 I2,t) 

28 . 0 

28.5 

29.1 

104.4 

140.5 

28.8 

28.0 

28 . 8 

112.0 

142.2 

25.9 

,20.4 

2t).7 

08.3 

122.4 

24.4 

24.0 

24.0 

02.8 

87.0 

19.0 

20.5 

21.0 

55.4 

()9.2 


PER CENT RELATIVE HUMIDITY 
Table 3(a). Nagrakata (Dooars), West Bengal 


Hours of Observations 
1ST 

Jan. 

Feb. 

March 

April 

May 

June 

.Elly 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0634 

91 

(86) 

80 

(82) 

76 

(73) 

90 

(76) 

91 

(87) 

95 

(05) 

04 

(96) 

96 

(95) 

02 

(95) 

91 

(89) 

92 

(85) 

88 

(86) 

1334 

56 

(51) 

43 

(49) 

41 

(44) 

72 

(53) 

71 

(69) 

81 

(82) 

82 

(83) 

79 

(81) 

72 

(78) 

70 

(o7) 

65 

(.56) 

57 

(.53) 


Notes t (i) Data in brackets show previous averages. 

(li) Soil temp, at difTerent depths are the mean of morning and alternoon records. 

(lii ) Penman in mm means Penman estimation of evaporation from an open water surface. 
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SUMMARY Of METEOROLOGICAI. OBSERVATIONS DURING 1977 


Table 4. Nagri Farm (Darjeeling), West Bengal 


Lalituclt' 2l)'55/ X Lonti;ii\ulr I'. Allitude 1138.24m (a.m.s.l.) 



Oailv tempt 

ralLires "( '. 



Kainlall ( 

nm) 


1 ).iily .Soil l einp. 


Monthly 




-- 


- 




"(1 (under grass) 


e\ aporalion 












(niin) 









Daily 

--- -- -- ^ — 

— 



Mon ills 

Mean 

Mean 

Mean 

1 1 it;lu si 

Lo^^.■M 

Monibly 

Kainy 

simsliint- 

Depth 


Ojjt'n 

IVn- 

1977 

Max. 

Min. 


\iax. 

Mm. 

lot.l i 

tl,l\ s 

Ins. 

7) r m 13(01 

:io cm 

pan 

inan 

Januars 

11.1 

7.2 

10.8 

lb.:l 

) . 3 

2.8 

•) 

3.8 

18.2 11.0 

14.8 

42.4 

.38.1 


(13.1) 

(7.8) 




(18.0) 


(0.1) 





February 

17.1 

9.8 

bbt. 

22. t) 

.3.9 

9. 1 

•> 

(). 1 

1.3.1 18. () 

13.2 

08.8 

78 . 9 


(lb. 7) 

(9.3) 




(20.9) 

(1) 

(3.8) 





Mart li 

2 ') f) 

11.9 

18.7 

21.7 

1 1 .8 

32 .(» 

1 

7.1 

21.2 19.0 

1<).7 

111.1 

181.8 


(21 : 5) 

(18.1) 




(17.0) 

(1) 

(0.8) 





April 

20.8 

11.2 

17.3 

2:;. i 

11.2 

17:3. I 

20 

1.1 

19.8 18.1 

19.3 

()2..8 

107.0 

(28.7) 

(13.!») 




(102./) 

(11) 

(,.7) 





May 

')') •; 

13.8 

19.0 

21,8 

11.1 

2:17. 1 


1.2 

21.1 19.8 

20.8 

()9. 1 

120.4 


(2^.9) 

(17.1) 




(191.0) 

(19) 

(3.2) 





June 

28.3 

18.1 

20.8 

2(».8 

13.1 

202. 1 

23 


28. (, 22.0 

22.7 

37.8 

111.0' 

(2 1.1) 

(18.8) 




(110.80 

(83) 

(2.8) 





.ji'iy 

2:1.7 

19. :i 

1 . . . 

27..^) 

18. i 

138.1 

21 

2'. 2 

2I.(> 28.2 

21.0 

(tO.O 

118. () 

(21.8) 

(19. :i) 




(037.1) 

(88) 

(2.1) 





Au,i>usl 

2:1.9 

19.8 

21.0 

:18.7 

18.0 

3( 19.8 

22 

8.0 

2 1.() 28.2 

24.0 

77.0 

111.3 


(21.7) 

(18.1) 




(172.7) 

(23) 

(8.8) 





Sfjilcinbcr 

21.3 

18. (> 

21 .(> 

28.8 

19. 1 

.01.2 

In 

1 . 

(8.9) 

21,1 22.1 

28.8 

(>8. 1 

109.1 

(21.1) 

(18.2) 




(82 1.7) 

(20) 





October 

21.8 

13.0 

18. 1 

2 1 . 7 

l:;.o 

■M);;.9 

1 1 

3 . 7 

21.4 19.2 

21.1 

(.3.1 

97.4 


(28.8) 

(13.8) 




(183.2) 

(8) 

(0.(0 





Xo\ (‘inbri 

19. (. 

1 2 . 3 

l(>.0 

28. 

H>. 1 

23.7 

(. 

(2) 

.3.:l 



■17.2 

(.8.8 


(20.3) 

(12.0) 




(1!. 1) 

(7.2) 





1 )ri ( iiiber 

(l/.'3) 

(‘b2) 




(8.2) 

(1) 

(0.7) 










FER GENT RELATIVE HUMIDITY 









Tabic 4. (a). Nagri Farm (Darjeeling), West Bengal 





1 lours of ( )bser\ a(ions 

Jan. 

F(b, 

.M.nt 

Ii ,\|»iil Ma\ .I'nK 


Aug. 

Se|>ll, 

0(1. 

Xo\. 

1 )ci . 

i.sr 











0(>:i7 

70 

(31) 

(.2 

(70) 

()l 

(02) 

81 0. 91 

((•8) (81) (92) 

91 

(91) 

98 

(98) 

83 

(89) 

79 

(77) 

7(. 

((>8) 

m 

1887 

(>8 

[Tl) 

.3(. 

((,3) 

;)3 

(38) 

83 81) 89 

(0(0 (82) (8<0 

91) 

(89) 

87 

(80) 

81 

(8(0 

80 

(79) 

77 

(70) 

(77) 

(70) 


Note : 

= (i) 

Data Ml br 

a< kel’' show pr. \ ions a\( i .ig( S. 









(•i) 

Soil l< 111 )). , 

! 1 I b0< 1 ‘ [ ' 1 ‘ l< I li 1 IS .11 < ill' 1 1 i<an ( 

it II lot 1 1 mt; . 

i.id ale lu 

1 Mill I ■ < ' 

Old . 





(iii) 

P( nman in 

mm mc.ni-. I'cnm.in esiiiii;ilion ol 

(•\ .ape nalK *1 

1 Irom an 

ojlfll W 

ate) >1 it l.n 





(>v) 

.’ iiK lit .ill s 

data not ax.iil.ibh 
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SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1977 


Table 5. Thakurbari (North Bank) Assam 


I.atiuuU* 2(>'’48' 3r)"X 


la.ngitudr 92®42'35 K 


Daily t(‘mp(TaUin‘S "C’ Rainfall (mm) 


Daily 

Monihs M.an M.-an Mran HiRhrst l.ow.sl M-milily Kainv stinshiii.' 

1977 Max. Min. Max. Min. lolal 


Altitude 92^'45m (a.in.s.l.) 


Daily Soil IVmp. Monthly 

'’C (under grass) evaporation 

(mm) 


Depth Open Pcn- 

pan man 

f) em 15 cm 30 cm 


January 

23.2 

(24.1) 

8.7 

(8.8) 

10.0 

February 

26 . 8 

(2G.2) 

10.9 

(12.1) 

18.8 

March 

30.4 

(30.2) 

15.7 

(15.3) 

23.0 

.\pril 

\ 

27.0 

(30.9) 

18.3 
(19. .5) 

22.1. 

May 

29.0 

(31.1) 

20.1 

(21.8) 

24. «) 

June 

30.7 

(31.0) 

22.8 

(21.0) 

20.8 


33.9 

(32.0) 

21.4 

(24.0) 

2!). 2 

August 

32.3 

(32.4) 

24.1 

(24.0) 

28.3 

.September 

32. () 
(31.7) 

23.5 

(23.1) 

28.0 

October 

29.3 

(30.0) 

18.5 

(20.9) 

23.9 

.\t>\ omber 

20.!) 

(28.3) 

11 . 1 
(15.1) 

20. (» 

December 

21.8 

(24.0) 

10.1 

(9.5) 

17. () 


25.7 

4.2 

11.0 

(22.3) 

4 

(4) 

7.2 

(7.R) 

7 

7 

7 

58.1 

03.1 

30 . 9 

3.5 

1.4 

(10.3) 

•) 

(“n 

7.8 

(0.9) 

.* 

7 

7 

71.3 

88.4 

33.9 

11.0 

.32.7 

(51.0) 

10 

(3) 

t).9 

(8.0) 


7 

7 

114.2 

139.7 

31 .9 

lO.O 

380.(5 

(171.2) 

23 

(13) 

3.9 

(0.7) 

7 

7 

7 

80.1 

117.3 

32.9 

l(>t^> 

512.0 

(214.8) 

20 

(15) 

5.7 

(0.3) 

7 

7 

? 

122.2 

151.7 

35.7 

19.5 

3()2 . 7 
(458.1) 

23 

(23) 

4.3 

(1.2) 

7 

7 

7 

92.9 

141.3 

35.1) 

23.4 

592 . 1 
(522.8) 

20 

(25) 

5.0 

(4.8) 

■* 


7 

117.2 

1(52.7 

3t).0 

21.1 

420.7 
(308. ()) 

21 

(20) 

5.9 

(5.3) 

;> 

7 

■ 

119.1 

105.4 

35.7 

2 1 . 2 

120.() 

(312.0) 

15 

(19) 

0. 1 
(5.5) 

.* 

7 


8!).0 

145.5 

32.8 

11.3 

110.0 

(192.(.) 

1 1 

(") 

7.8 

(0.0) 


• • 

■ 

8(1.0 

123.5 

30.0 

10.2 

39. 1 
(9.4) 

(2) 

7.1 

(7.8) 

7 



.5(». 1 

83.2 

20. <) 

().2 

28. 1 
(10.4) 

(3) 

7 . 5 
(8.0) 

■' 

7 

7 

.50. () 

(>5.0 


PER CENT RELATIVE HUMIDITY 
Table 5(a). Thakurbari (North Bank), Assam 


Hours of Observ ations 

Jan. 

Feb. 

March 

.\pi il 

May 

isr 

0019 

93 

92 

87 

92 

8!) 

(93) 

(92) 

(85) 

(8(i) 

(90) 

1319 

52 

15 

45 

71 

70 

(.53) 

(53) 

(59) 

(00) 

(09) 


(line 


Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

91 

(<)3) 

!)1 

(91) 

92 

(94) 

91 

(93) 

89 

(93) 

92 

(93) 

93 

(94) 

78 

(77) 

75 

(77) 

74 

(70) 

75 

(75) 

()9 

(71) 

()5 

(02) 

01 

(50) 


Note ; (i) Data in brackets show' previous averages. 

(ii) Soil temi). at different dfpihs are the mean of morning ami aiiernoon ret orris. 

(iii) Penman in mm means Penman estimation of evaporation Irom an <»pen water sintace. 

(iv) :* indicates data not available. 
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SUMMARY OF METEOROLOGICAL OBSERVATIONS DURING 1977 


Table 6. Gungaram (Terai), West Bengal 


laititud(‘ 

2(i''38' 

.\ 



1 .( >t 

giiude 88 '48' 

1-: 


.\ltilude ll 

^3 . <un ( 

a. m. s. 1. 

) 



Daily temperatures ®( 



kainlall ( 

mm) 


Daily Soil I’enip 


Monthly 

Months 

1977 

Mean 

Max. 

Mean 

Min. 

Mean 

Highest 

Max. 

1 .oW<‘sl 
Min. 

.Mctnthly 

total 

Kainy 

dUNS 

Daily 

sunshine 

hrs. 

^ (unrier grass) 

Dej)dl 

-- 

e\ aporaliou 
(mm) 

(3pea Peii- 
l>an man 










5 ( tn 15 cm 

30 cm 



January 

23.2 

9.3 

10.2 

25. () 

4.8 

0.0 

0 

7.5 

17.2 

18.0 

57.1 

(>8.4 

February 

2G . 

11.1 

18.8 

29.4 

5 2 

2.0 

1 

8. 1 

20. t) 

1 9 . 8 

81.0 

92 . 9 

March 

32.0 

1G.7 

24.4 

34.9 

10.0 

31.5 

2 

8.8 

25.0 

25.1 

1 28 . 8 

158.7 

April 

28.7 

20.2 

21.4 

31.5 

18.0 

92.3 

11 

(..9 

27.0 

20.7 

108.9 

190. 1 

May 

29.0 

20 . 9 

25.2 

33.3 

10.2 

303 . 3 

19 

7.1 

28.0 

27.1 

111.5 

171.1 

June 

30.0 

21.2 

25. (i 

31.3 

19.8 

309.0 

23 

1.8 

2<).8 


91 . 1 

1 43.t. 

July 

30.8 

24.9 

17.8 

33.2 

23.7 

787.1 

21 

1.0 

30. () 


82.9 

153.9 

August. 

31.1 

24.8 

28.0 

34.3 

23.3 

802.0 

21 

5.4 

30.0 


84.1) 

1(4).. 5 

September 

31.7 

24.1 

27.9 

35.5 

22.0 

358 . 5 

13 

(,^,5 

; 


8 .,1 

1 13.0 

(_)('tol)er 

28 . 9 

19.7 

24.3 

32.1 

15. (, 

190.7 

9 

7.2 


; 

72. (i 

123.3 

.Xoxember 

27.2 

10. 1 

21 .8 

30.4 

12.7 

92.1 

5 

7.5 

2 

.• 

55 . 5 

90.8 

December 

2-1.8 

11.7 

18.2 

cc 

8.9 

19.1 

4 

7.5 



•11.7 

(»9.3 


PER CENT RELATIVE HUMIDITY 
Table 6(a). Gungaram (Terai) West Bengal 


1 lours ot Obseixations 

isr 

Jan. 

I'eb. 

Mairh 

.April 

May 

June 

Jub 

Aug. 

Sepl. 

(.)( t. 

.\ov. 

Dec 

0035 

93 

91 

78 

8‘) 

90 

91 

91 

93 

92 

95 

95 

95 

1335 

47 

39 

37 

()2 

05 

70 

79 

77 

70 

()5 

58 

52 


Note : (i) Soil temp, at diUc rt'ot (i(|)ths iuc iIk* moan <>1 moniinL', aiul aflcinoon icc okIs. 

(ii) Penman in rnin nn a.is penman esiimatinn of <'\ aporal ion Irom an ojx ii water sni luce. 
(iii) ? indicates data not available. 





